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' FOREWORD

Tnis final ropott prosents work which wés sondusted for Lungley Rescareh

Conter (LaRC) in response to roquiremecfits of Conteadt NAS1-16983, The work

presented was posrformed by REMTECH, Inc., Buntsville, Alabems and is ontitled

' 'MINIVER Upgrade For The AVID System’'’', The final seport consists of three

volumes, .

VOLUME 1: LANMIN User’s Manual
VOLUME 2: LANMIN Inpst Guide
VOLUME 3: EXITS User’'s and Input Guide
The NASA techsical coordinstion for this study was provided by Ms, Kathryn

E. Wurster of the Vehicle Analysis Branch of the Space Systems Division,
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S8eotion 1.0
INTRODUCTION

The BRITS code described in this documesnt is & thesmal Anslysis teol which
allows the uvaer to fapidly predict thermal protestion systém performance for ad-
vinced spate transportation vehicle reentry., Design and welights optimization
tan de avcomplished by repeated analysis within the vonstraints and guidelines
of system performance. .

EXITS is designed to run interactively on a4 small or mainframe compating
systém in conjunction with the LANMIN code., LANMIN,as desczibed in Volume I and
II {s xud, given a trajectory, geometry, heating rate methods, &te., to provide
st input file oontaihing the thermal enviromnment information necded for the body
points specified, Information flow for this process is depicted in Figure 1.1,

The vser thea calls EXITS in an intetactive mode 4nd sets certain input
patameters, start time, énd time, print time, eto. and defines the TPS structure
by selecting structure types from & ménu présented to him, In its present form,
the menu ocontains seven different structure types, including anm adbiator, slad,
tadiation gap, ete., By stacking these structtures, the entire TPS is defined and
a n0dal mesh is antomatically genesated., EXITS thus uses the LANMIN generated
inpot file and caloctlates the temperature history of cach node through the
sttuctuce, |

During the calonlation, all of the heats are integrated and prianted out,
Thess include the comvécted, reradiated, sensible heat, ablated héat, and dd-
véot¥d heat. A total enesgy balence is made to detesmine the msthod's consérva-
tioa,

EXITS ueés an explicit (Buler) integration of the ¢nezgy équatiod dsing

éqiivalent radiation conductord where intetnal or rerddiation exists, An ubla-

-
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tion routine has been invloded usiap & simple ablator-sublimer mode] which {n~__

oltides the fatont hoat and hoat fogquifed for the moving iaterfade (sdvected),

For materials with high thermal cofiductivity (aluminum, Sopper, ete.), & ther-

'ncliy ''thin’’ struoture has been inclnded to avoid the time step provlems éx-

plicit methods fiave with these materials. Details of thése methods ure des-
6rided {8 the Technical Disévssion, Seetion 1I,

The program strooturs, flow charts, ete, ase given in Section IIX, Desorip-

tion of Progeam. Esch subrovtine is desorided in Seotion 1V,

Input and Output data is desoribed in Sections V and Vi tespectively,
Finally, conclusions and récommendations are préesented ia Section VII, A 1iet-
ing of the codé is presenteéd in the Appendix,
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Section 2.0

TECHNICAL DISCUSSION

This scotivn desctibes the meéthods used in utlaﬁlatiaa the thermal feésponse
of the TPS structure, A busic émergy bdbalance porfogmod at éach nodo during the
time marohing using an explicit Euler integration forms tﬁe basis of the code.
Spscial methods are used to deseride the response of the ablutor-sublimer dnd
thermally thin structures, However, when complicated structuteés afé used, the
program logic branches off and construdts equivalent thermal networks, and from
solotions of these networks, equivalent thermal o&nduotauce is computed and
placed into the primary thermal network,

Presently, EXITS conitains the capubility to analyzé sevea different strué-

ture types. These aré 1istéd below us follows:

STRUCTURE TYPE - - - NUMBER

SLAB

RADIATION GAP
BONEYCOMB
CORRUGATED

Z STANDOFF

THIN SKIN
ABLATOR SUSLIMER

SO W N

The methods used £for analysis of the sladb, thim skin, and ablator-sublimer are
contained in this section, The methods for the zadiation gap, honeycomd, cortu
gated, and Z-standoff stidoture are actually the same as the slab so therofore
the 10gic 0s8d to compute the equivalent conductivity is not presested heré bdut

is given i Secstion IV, Description of Sdabroutinés,
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ORIGINAL PAGE 13
2.1 SLAB MODEL OF POOR QUALITY

The thormal slab model 4s tho €inite difforence séprosentation of the host
couduction osquation and s tsed to obtain the tempersture response Of tho slad
and ablator strusturé types. To oltain & finite différondo sumérical solution
to the heat conduction equation, the dorivatives in spaco and timé ere roplaced
by finite differesve amalogs. The hoat conduvtion equation for an {eotropic ma-

tordal with ofie spacial dimession is:

o 82T
ol — = k =
20 ax?

The space derivatives can bé represented in the foliowing manner referring

to the temperature distridutiva depicted below,

, §§ <7Tl
6T

———

Finite Difference Temperature Distribution

Bspanding about point O using Taylor's series for the temperature at 2

2
s ® Ty + axg=— | +5-’-‘-~3-l| +0 (axg) +
T gl e

Ih o 1ike masner, espatiding about 0 “of the témperaturd at 1

2
T, 6T l | + . lo = 0 (ax)
8T, = ARy=— — —lg- X cor
1 0 1axo 21 ax 0 ‘
5
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ORIGINAL PAGE (8
OF POOR QUALITY

Combining ethese two sxprescions, ignoring highet order terms and solving for

aeT "
Tx? | &t time step o wo £imd

| ]
% n
LI 2 [T 1 axp 4 Tz AXy = 5 (ax; * sz)]
ax~ 0 (&xg + axy) Axy &x,
If we take a forward differsnce approximation for the time derivative as shows
below
%1 n
T 17
- B —_—-J-
20 A9
and substitote dnto the heat conduction equation we find
n
o (dt sz) AR k (10 -1 X (1 - 1) .
p 13 —— am— _"_'
( 2 2 Ax, &xz »
If the thermal sapacitancé is defined as
Xy + A2
Cym oo = ot (=)
414 the conductors as
Ky . §
B ommamewy
J AX-U '
%6 have, upon substitation and some algebza ’

ntt o o.n 80 ¢ n_.n

T
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OF POOR QUALITY
This sxpression {s the basis of the thermal balince at cauh node dn the etndug-
tion setwork, However, fof fodos adjacent to a zadidtion gap Or structure in
whiclh the hoat tranifer meohanism 4s not by pure eanduotion, wo can form

equivalont conducdtors,
The maximum stable time step, AO , which ocan Bb takenm cdn be found by roaz=

tabging our finite differcnce algorithe as follows
1Y) A9
fib) o qh fy 20 29 n
i (1 c1zj:'(”) *ciza:"u g -

and noting that the coefficieant of Tf pust somuin positive for all AQ . A nega=
tive coefficient would mean that the grester the temperature at time step a, the

less the témperature at time step & + 1 which wotld sot make sense, We anow have
or

This oriteris is uséd for all casés éxcept the thetmally thin sections, To in-
sure stability especially whea the xij‘ azé nonlifeas radiative condustors, the

time step 44 divided by the input parameteér STAB,

f— e e e — -

—— e e e e — e e = -
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OF POOR QUALITY

A wajor foature in tho developmént of this code was the thermal élément.

vhich cotedsts of a thermal mass and & heut transfos path botwoen two nodes lo-
¢ated at the onde oOf the eleémont showh boelow

Typical Thermal Element

Balf of the thermal mass of an elément is assigned to eaéh node., The thoemal
eléments atre then stasked to define ths complete thermal protection system, The
slab and ablator materials are divided into several eléments by the program,
A1l other structure types consist of a single thermal element which ate stacked
upon each othe sharing their ¢ommon node poiaic.

Constructing the network in this manner introdaces slight ez£5rs vhers
structures of varying capacitance are adjacent to one anothe: acd also at the

surface node. In these Sasés, the node is not placed in the exadt center of the

thesmal mass, however, 6nergy is conserved.

2.2 COMPARISON WITH ANALYTICAL SOLUTION

As o cheok on the ucotirdcy of tho numerical algoritim, the soldtion was
compared to an analytical solution, Ref, i, of the partial differential squa~
tiofi. Thé comvective heating of & plate of thiokndss 28, from both sides {é an

slogous to heating of » slab of thickness 85 from one side with an adiadatic

B R B
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backwall boundary dondition, If the conveotive heat trunsfor coeffialent, h, is !

beld constanit then the following boondasy canditions wiil apply, where T = t~too

T = 71 at o= g

a7

- =0at x=0 (center of slab)
X

I

* oo = Tat xoe p 4, (surface).
ax k

The product solution ie fouud to be

2

L S R LN

T, &, -t 2M, + sin 2 M "\s
1 { ¥ pey R n 1

where ”n are the roots of the tramcendental equation
Nu - Mn tan Mn
Nu being the Nusselt num'er given as

hs
Nu.—-l.
K




ORIGINAL PAQGE I3
OF POOR QUALITY

Noménolstuss £o. cnis case and o graphioal roprésontation of the tramcendentsl
équation are shown in Fig, 2.1,

-
v
¢
. l% / "
h h
t——vh X ;
Tan M 7 )
Nu ':
, “ 'ﬂ; o
- or |
‘.
Tan M,1 N ;:
A :
pd - ;
0 ? 3 Py -
'g' M, 2 b
Fig. 2.1 Infinfte Slab Heated From Both Sides -
With Graphical Solution For M_ , 4
i
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A Qigital computer progsam was writtes to find the toots M and evaluate
the anmsiytical sclution, Various nambers of torms were taken in the dnfinite

L ad
soried to cheok for comvergense, A satisfactory solution was found after 50

terni wete used.

- y The test 6ssn consisted of & layeér of cork ofio inch thick with an adiabatie
" backside model ueing six nodes through theé thickuess, A compatison of this case
T with the azalytical solution is presented ia Fig, 2.2. Agreemoént appears to oe
1 quite good. .
%‘: :
=
=3

3
3 »
4 ;
-=:;¥ A '
1 J
1 4
i :
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4 REMTECH INC. ORIGINAL PACE
OF POOR QUALITY
.
; NOTES: |
1. 6 Node Model, Cork S1ab v
o} 2. Insulated Backside
N 3. Adabatic Wall Temp = 10,416.6
| 4. F{Im Coefficient 4 001276 Btu/ftz °R
L PROPERTIES
g Density 10 1bm/ftd
3 $p. Heat .04 Btu/lbm-‘R i
pi'i . Conductivity 6.9 x 10-6 Btu/Ibm-fta°R |
i , 12000 Y Y ' v \ \ Y 4 23
:
- ~— Analytical Solution -
3 © Thermostructures Code
{ 10000 -
3
3 8000 .
i « ‘ i
b £ go0o . |
i g | |
i é 100 sec.
i = 4000 !
it i
b 2000 ¢ ;
i - 0 sec,' i
10 o Do
g 0.0 T A} ;i ' 1" i
2 4 .6 8 1.0 Vo
19 Depth In. f
16 Fig. 2.2 Comparison of Thermostructures Code with Analytical Solution , ?
35,6 : \
; 12 \
| |
798 [
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2.9 THIN SKIN MODEL
For & slab type struvtures which 4s made of & muterial which has & high
thezmal cdndustivity, the temporatuse gradient through the matdrisl das be ox-
pested to be small for relatively thin scotions aud tho heat fluzes énmcountéred
during reéatzy, If thic gradient is to be modeled using the slab option, wo sove
that the time steép required to rescive this grediént will be very small since is
geno:ai,ée,ff;ti- » Where one or more of the t“'s will be large, The small
time step will fesult in 1ong run times with very little inctease in accurasy of
the analysis,
1f, however, wé assumeé that the temperature gradient through the thin skin ':
type structure is zéro while still allowing heat to be stored in the stzucture, -
- We can circumvent this time step restristion since we have effectively takea the
condtctors in the high thermdl conductivity materisl oot of the network, The
‘;f résulting slab of material now désomes thermally ‘‘thin’’, i.e, no temperature
gradient and long run timés cén be avoided, ’ 1

Consider the generelized slab of material and nodel network in Figure 2.3

1 ;o
Thermally Thin '

27 Structure g

Fig. 2.3  Typfcal Thermally Thin Structure

¢ 1f we wiite the equations for « heat balance at time step n + 1 at nodes 2 and

8, we have

C,TI w13+ (Tiky + Ty = ToKye T,k,ha

- .

13
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Nt 0 . n
c!'l‘3 1" Cy + (1'2K2+ 'l‘“K3 - 180(2 - TSKS)Ae .

Now if we sasume there is 20 tomporature gradient betwdén node 2 aad 3 and sdd

the two sgustions together to find the total tnctgy stored at the end of time
step n + 1, wo have

n
Cngﬂ ¢ CgTI = 1hc,+ 100, + (TiKy = Tgky + Tykg = T4Kg) a9

Solving for the temperaturé of the this sestion, T, ,, we atrive at the algor-
ithn for the thin skin section témperature below

nét n A9

] f n
= T Sa— - -

53 2‘.3 C, "‘Cg (T K TK T‘.K3 Tsks).
Looking at this expression, wé note that the tondnotos K, has béen elinminated
414 will 86 longer cause the small time step problem,

Congidering the second law end finding a stable time step oriteria canm be

sccomplished as follows, Factoring r“,_, we have
n+}

™iaen [0 2 k, ] -—--r fy
0t [ 3( 9 I XD ", - r“]

The first term in brackets must sremain positive for any stable time step so 4t
follows that

49

(K, +K;) <1
C2+Cp b O

or
T Ky + Ky

14
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Wo dee that tho stable timo dtep exprossion 4¢ in the familur forw qﬁi.. but
d06s ot Rave largd condustion valtes which will catse tho smail time utep ‘prob-
lens,

The previons discusedon considors the this skin scction td be & goneral
case, For the oksy where tho slab is on tho surfavce exposed to the roeatsy ¢a-
virommeént or 4s foocated on the bBackside where the adidbatic boundazy condition
is ueed or where it exists by itself where both conditions exist, special logic

is imposed,

2.4 Ablator~Sudlimer Model
The logic nsed to dompute sublimer—ablator performance takeés into sccount

the ensrgy mandgement réquiremesit at the material surface as follows:

1. The energy cosiducted away from the surface

2. The sensible ensrgy stored in the material

3. The latent heat reyuired to sublime the material

4, The sconvécted or advécted energy required due to the receding surfase.,
The aumerical schéme devised to account for these effects is incorporated into
the program’s network by special logic which considers the moving botndary and
the latent heat required to sublime the material using the slab logis, When the
temperature of the surface temaing below the tempdrature of sublimation, the
thermal balance is performed just as it would be done in any nonsblator matéri-
al, If, however, at the end of any time dtep we seé that the temperature has
éx8eeded the sudlimation température, the amount of energy that was required to
¢z66ed the sublisation tebéetatura is conptitéd and the surface mode témperattre
is set to the sublimation temperaturd, The exceds emetgy is théh uied to com-

pute the amotnt of matérisl which ié sublimed,

15
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Considering the four fiode network shown in Figure 2.4, we sod that the sur- {

face hes

AN,

0 2,0 4.0 6.0 L

1

T s

RN

K ' ' : DISTANCE

Fig. 2.4 Nodal Mesh And Temperature Distribution
For AblatorSublimer

e
E

resched the subiimation temperaturé, Additional heat added to the snceface whidh

is not radiated or conducted awhy is heat which sublimes the surface matéerial

WTRT S VT g S

atd sdvances the surface into the coolér material,

Ve firet computé an excess amount of heat which was used to take the stuz—-

T

face node temperature over the sublimation temperature with the following éx-
pression

‘ Aq ® C‘ (Tl -T

- v - R 04 s
——— tm e e e —— e o = —-

)
SuB \

and thén sot

2 Ty Toug:

16
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Next, we compute the surface recessios distunce from the latent hoeat of

sublimation, L, and the donsity &s follows

4q

A4S & e

y  Lets
As the surface rocoeds, the melt 1ine must also zecedo, so wo move the boundary
betwoen node 1 4nd 2. This zesults in the mass id node 2 at temperaturs T,
being brought to the sublimation temperatare Teub, Thue, the enmergy added to
the system must dbe taken into ascount,
If we look at Figure 2.3 below where the tempsraturs through the ablator is

showtt and

Qo

. 245 o
3

o i 8% |

!

|

t

l | } ] 4 i
X

Fig. 2.5  Node Movement For Ablator-Sublimer

ff ¢ one time step i AS, we sed that if thé node botndary between 1 and 2 is moved
3 2/8 AS and node 2 is moved 1/3 AS, thé material ia node 1 and node 2 will be
éf P complétely eliminated after a givon nusber of steps, However, béfore we tom~
pletely éliminats sode 1 and 2, woé stop when a presciibéd amount of metérial is

16ft i fiode 2 und r¥dise its temperature to Tsnﬁ‘ Node 3 soW Beécomeés nods

L

L1

17
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fidnber 2, #nd the somaining nodes are renutbeted, The procosf how continngs

antil smode 2 i¢ oliminated agadn,

If we now Sonsider the original nombering sohéme, wé sev that the node »
boundary botwson £0dd 1 and nodd 2 is & moving boutidéry or looking at it 4 .
stother way, #0do 1 48 fized in épace (Evlorian) and nodes 2 und greater asre Y 1
fi10d4 (LaGrangian) to a toving materisl., In this 80880, W0 se¢ that energy is : 1
conveocted or adveotéd into node 1 and this encrgy must be supplied by the aetro- : '

dynamié Beating environmeant, Referring to Fig, 2.5, we oan sed that this

anounts to 1

288 L
o6 =5~ (Taug - T2)- |

Since this energy must be supplied by the serodysamic heating and is only re-
quired when ablation ocours, we adjust the latent hest of sublimation to account

for this. We then compute an effective latent heat ox ablatiott from the follow=

ing estpression

. 2 .
noon, & ot n .
Lage * (ere 3 3 87 (L0 (Mg - 73 » |

ng2.,eh
Vl+3AS

In the expresssion above, L {s thé actusl heat of ablation L‘e“ is the effec- E '

tive heat of ablation fiom the last step and V,“ 18 the volumé of fiode 1 at the

last time step. f
In applying this method, heat conducted from nodé i to node 2 and 2 to 3 ’ : '.
6to, 1is accounted for in the samé munder as the slad described in Seetion 2.1, | ‘
An example of this proocedure 4s shown ia Figure 3.6 for a hypothetical ad- v |

lator. Rodults are compared to & steddy stuate analytical solution from Ref. 2.
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Séotion 3.0

DESCRIPTION OF THE PROGRAM

Aa ffort wis tiado throughout tho dovelopment of the EXITS code to keop the
stroctare of the code 46 modular 4s possible and to dofine spécific functions
which could bd broken off isto subroutinss. By in farge, this has been acoom-
plished, and as & teésult, the program capability can be exponded without e¢zten-
#ive reprogramming., ’

The method of defining thermal structure types, i. e. elabd, honidysomb, coz-
rugated eto, facilitates the organization of the program since ecach structuze
type, with the exception of the slab and the sblator, comnsists of & conductor
connscting two nodes lotated at the ends of the structure and capasitance, one
Balf of which is assigned to sach node, The slab and ablator are Similarily de-
fined with the éxception being several nodes are placed within the structure,

The main driver contains ¢alls to the primary functions of giina:y su- ot
broutines, These primary functions im turn call secondary routinss which supply
tequired information, The structure of the EXITS code is shown i Tatie 3.1,

The routines ate arranged so that the MAIN controls the progtax flow, calls
isput routines, contains the time marching iterative loop and crsates the cutput
file,

A motre detailed fiow chart and arrangment of tho'-ub:outiuet is shown ig ‘
B Figure 8.1, Each sabroutine’s calling structure 4s showa inm Table 8.2, A fuil '&
| description of each subroutine is givesn in the next séction, »
'Tj No blunk common is used, oaly named common afid it’s location is shown in
Table 3.3, ]
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ORIGINAL Fact b
INPUT — OF POOR QUALIT 'y
z/ISTR INTERACTIVE;;"1
INPUT
MINIVER
) ,//' INPUT ,;2!'4""-'-'-'
' LTy A —
et
(NGDE)
{ |
- ARTobIHE . A
| AJIOUTPUT~J//'
: — /] FILE
{: l LOOK UP ENVIRONMENT
¥ | FROM ?IN&¥§§ INPUT
: | CogeuT TORS
{ : chPurs -
I s 5 By -
: | %gMPg;érNegs ' | o
wj | COMBUTE SURFACE ot Lo
# REGESSTON ;
LT T .
: l INTEGRATE Lo
¢ ' NEAT RATES -
\ | 1 ' ; f
} TAKE_TIME .
i I STEP C
{ —_—————— — = -
1 L
stop Co
}}, ! g
; Table 3.1 Simplified Functional Structure oo
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ORIGINAL PR T
aF POOR QUALITY

CALLS
SUBROUTINB

MAIN
PROP
INTP
DATAL
coMpce
STRUCT
LOAD
ABSUB
DATAZ
PICTUR
COMTHP
NODE
HEATN
VFAC
DIST
THSTEP
INPUEO
SUBPR
SRIPF
CORG
HONEY
RGAP
STAND
THINS

K K O XX

NADN
¢ |PROP
INTP
x |DATAR
3 JCONPEC
STRICT
LOAD
» |ABSTB
2 | DATAZ
¢ | PICICR
> | COMENP

=
x |HEATN
VFAC
DIST
> | TRSIEP
x | INPEEO
x |SUBPR
SRIPF
CORG
RDNEY
RGAP
STAD
L‘II!INS

XX XXX

TABLE 3.2 Subroutine Calling Structure
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Seéction 4.0

DESCRIPTION OF SUBROUTINES

This séotion desoribos the maif driver and the twenty theee sobroutitids j
that comprise the EXITS code. The description presented id 48 overall deserip-

tion which may include the subroutine fonction, method and program logic.

4.1 MAIN
The main driver of the EXITS code contsols the major funistions of the pro-

gram ¢nd also contains the output oalls, Logic for talling the major su~

[N ii‘ ’ ,»“. b

broutines is found in this part of ths program, Cosistants and ¢cofitzrol flags and

P AN I

initial velues of integrated heat loads are first set to their prescribed

R

values, The interactive input routine INPGEO is ¢alled. Then ;uitt.l tempera~-
tures dre sot and subroutimes DATAL and DATA2 are called to obtain the material

property and énvironment data., A call to subroutine NODE séts up the thermal

ERN | L

astwork of nodes, capatitors and conductors for each body point, A call to PIC- K ;

L

TUR sends & depiction of the structuré and node location to the 1ine printer. ; i

The temperature integration stafts with the timé loop after further ini- 3

T T S S

tialization, Output and units conversion take place within the time foop which . o 3

is controled by the print fIlag NPEG., The adisbatic will eanthulpy, film coeffi- ‘ )

= 1,

c¢ient and pressures is found from a call to HEATN, If an ablatos-stublimer is ‘ !

'
i
i
i
i
]
5
i
}
'
I
¢
i
{
i
'
!
s
!
}
)
1
]

used, the ablator propsrties are found from two calls to SUBPR, Values for the
‘ conductors and capatitors sre computéd from COMPCC. The timc stép DISM is cal-
culited from stability oriteria and the usés supplied pazametes STAB,
' Tettperatures for all nodes in the structure are computed at the end of the time

step by subroutinme COMTMP., If sn sublator is called for, thé tecession dnd

renutibéring of the node and conductor sequence is dome in ABSUB, Fimally, et

25




the onud of the time integration loop, the heut loads, senvible hest, advected

heat, snd sublimed heat age integrated and tims is inoreased by the amount DTSM,

A check is made to seo if tho aumbes of steps or time has exveddod the inmpot L

valoes and 4f not control is seturned to the top of the integration loop,

4.2 SUBROUTINE PROP

This sudbroutine teturns thormophysical pt&putiu for the material spevi- |
fied by the variable MAT as a function of temperature, T1, and pressure, P,
Subtoutine INTP {4 called with T1 and P 4s the independent arguments after the
property teble aumbers are computed for the density, specific heat, conductivity ‘ !
and emissivity. Properties for adlator naterial, hest of eblation and témpesra-

ture of ablation, are not computeéd by PROP, Thess properties atre found by the
subtoutine SUBPR,

4.3 SUBROUTINE INTP

This subsoutine linsarly interpolates in either two ur three dimensional ?

arrays for materisl properties as & funotios of temperatureé or as a functi-a of

- \
temperature and pressure. The arguments X, P, N, ¥, are respectively, tezpera- B

tute, pressure, table number and the returned property., The sudbroutine iatezpo~

lates in both monovariate asd bivariste tables., Ablator-sublimer properties,

sublimation temperature and heat of sublimation, aré not found by INTP but are

. en— e m e ame a

found by SUBPR. Data for the properties are storéd in the array CC(N,J) fof the
monovariste atrays and CC(N,J) and BSV(N,JT, IL) srrays for the Bivariste tables,

The arrangement of data in the drrays for the two types of tables are shown ia

the following exampies, Data for the mohovariate tables are shows in Table 4.1,

1]
!
i
b i
i
|
i
I
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ORIGINAL PACHE (4
OF POOR QUALITY

CC(N, 1) e § . NYLON PHEN CONDUCTIVITY
CC(N, 2 Jommmmssann ), 0 1,89E~8wwmw CC(N, 3)
CC(N, 4 ) 460,0 1,89R«§ e CC(N, 8)

{ 66000 10943"’ :

H 910,0 2.80E-8 1
CC{N,10)==1000.0 2.50E~8 e CU(N,11)

TABLE 4,1 Arresgemont of Data For Mosovariate Propertics

Data for the bivariate table ase shown in Table 4.3.

Ini¢ially & theok 18 made on the sign of CC(N,2) to gete:mino if the date
for tabie N is mosovariaste or bivariate, If the sign is positive, the datas is
séarched to find the two temperatures to interpolate between and a straight 1ise
interpolation is uged,

If the sign on the variable CC(N,2) is negative, then a bivariate table is
esstmed and the independent variable array, pressure stored in CC(N,8) to
CC(N, (-CC(N,2)42)), is searched to find the {ncrement in the pressure direction,
The températures are then searched to find the two temperatires between which
thé interpolation is to be performed end the preéssure inéremént applied.
Finslly, with two interpolated values found in the pressure direction, the tem-

perdture isorement is applied and the final valus is computéed and réturted

through Y in the argument.

4.4 SUBROUTINE DATA1 ‘

Subrotitine DATAL finds the material ptoperty data for the materials given,
redumbers the material identifiers, MATS(I,LT,IN), and storés the materisl pro-
perty data in etrays to be used later in the thermal anklysis, Thig routine
first reads thzough the dats &nd picks out the detas from the matétials vséd in

the model, Materiul identification numbers are thes changed to the order in

vBich they appear to minimize the storage requirement im the CC(I,J) and

BSU(1,¥) arrays,
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|
Whenh & matesrial 4s found or matohed to the material speecificd, i
MAT(L,LT,IM), this routine #eads tho title oerd and noxt seét of dats cesds ac- !
dording to the aumbesr spocified, The Zext theec sbts aro then.gead forf s total |
of four tableés, If the first entry i the independent array of any table is
negative, the table is assumed to Be bivariate and a diffsrent set of logic is
used to storé the data, Data for the mosovariate tables are stored im an array,
CC(N,J), where N is the tuble number, If the data is found to be bivariate,
then the independesit variables até stored ian CC(N,J) arzay and the dependent
variables are stored in the array BSV(N,J,E), Table 4.6, EBach material ttopet;y
set in the property file must appear in the prescrided order, density, specifie 5
heat, conductivity, and emigssivity. Units for these properties must be entered
in BTU's, feet, seconds, pounds mass, pounds force, and degrees Rankine,
For ablator-sublimer material, the material property ntmber of the fifth
and sisth property is entered on the title card, When the sameé material iden~
tifier number is found, the temperature of sublimation and the heat of sublima- L
tion as a function of pressure ig given as the fifth and sixth property and

stored in the array €CS(1,J).

4.8 SUBROUTINE cOMPCC

Subroutine COMPCC computes the valuss of the conductdrs end capacitors for

- o e ame .

the network. The capasitor C(I)Aund conductor CD(I) values forf the slab and ab-

lator structureé typss aré computed directly in COMPCC, Capasitor and conductor

valaes for the other structures dre found from routines cailed from COMPCC.

Valtes for the conductors between the nodes for the sliab and the ablator are

S
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found by chloulating the distance between the nodes from the node position

_— e e e e e e = ==

atray, XX(1), and then finding the conductivity from thé iveragé témpérature

LT N T,

f; betweedt the nodes. Conductor values &re found froin the efpréssion
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ORIGINAL PAGE (%

OF POOR QUALITY
It the same loep that the conduotors are computéd, the capacitdes are
foond, The mass of the material betweds the siodes is computed asd multipiied by
the specific hoat, Since oné helf the muss 4s adsocitted with cach nodé, the
oupucitance value is¢ divided by two and balf of it is summed &t wach smode.

Capacitatice valueé for each mnode is found from

- whete the summation oft j is on the thermal mass adjacent to the sode 4. At this
time, the mass of the structure is 4130 computed end stored im XMAS.
Por structure other than slab type, JN = 1, or ablator, SN = 7, COMPCC
branches off to the following routines, Table 4.3,

Structure
IN Type Subroutine
) RADIATION GAP RGAP
k] HONEYCOMB HONEY
4 CORRUGATED CORG
] 2~STANDOFE STAND
é fOTRIN' ¢ SKIN THINS

TABLE 4.3 Routines For Computing Effestive Conductance

Before bunchia& off however, subtoutine LOAD 43 cniied. This routine takes in-
formation, (i,e, geometry, matérisls eto,) from numed common, LD, and loads it
into the named common, GAP. Thé subroutines called whes JN = 2 thfough 6 com-
pute the éffective thermal conductanve, XR, mass XM, and capacitance values C2P1
and CAPZ and returns these values through the named common LD, Subroutine
COMPCC thés sutis the capacitor values in the C(I)s and the mass IMAS. The con-
ductor s then defined in CD(1),

30

— mm e o b oo ————

-




4.6 SUBROUTINE STRUCT

Subsouting STRUCT is the routine that handles the .struvtuze files,

STRUCT opens the struvturo file and either focates a sposific stroctuse
that slrcady exists in the file or adds an sdditional structure to the file,

¥ Evety structure has a corresponding structute numbor, and & two lime dosogip-

tioti, dlong with the structure variables,

4.7 SUBROUTINE LOAD

This routine takes data from the named commos LD which describes the goome~

try and materials of the following structure types ‘

RADIATION GAP
BONEYCoMB
CORRUGATED
Z-STANDOFF
THIN SKIN

and loads it into the aamed common GAP, 1In addition, the temperature of the
uppér and lower surfaces are set for the materisal property lookups and the radi-
dtion condustance., The material identifier numbers MATS(MP,18,1) aze loaded '

into the M(I) array and the six geometric parameters, XP(MP,18,3), are loaded :
iato the X(I) artay. :

4.8 SUBROUTINE ABSUB

Subroutine ABSUB provides the logic to predict ablator-sublimer recession,
thé node dpacing and the effest’ve heat of adlation., This routine 4s called by
ot Bais dfter thy ssblimation temperature is reached. Ablstor varisbles are pussed

o ¢ thiough the nameéd oommo#i SUBLM where the followinig variablés are significant,
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TSUB - Sublimation tempersture

XL, =~ Latont hoat of sablimation OF POOR QUALITY
e - Effeotive heat of sublimation

EXCHT ~ Excdes heat ovesr time step

EXCHSV - Excoss heat from last time step

GADVS = Advected heat from prévious tité step

T™SY -~ Timo &t last {toration

First, thie routino computés the distance of the surfaco toctision,AS, by

tho following esprossion

dexcess
LY »p

From this value of A8 the surface node i3 moved & distance of AS, the second
node is moved AS/3.0 &nd the boundary beétween the two nodes is moved 2 AS/3, 1If
the distance between the first and second acde, XLTS, becomes less than XMIN,
the second fodé is dropped from the network and nodés, capacitors, locations,
and condductors for the test of the network are renumbered, Figure 4.1 shown

below describes some of the nomenclaturé used in this routise,

Tsu '“’5?::q2é::j::T2
| .
.

DS - e '——0—-—1
XTSTL ] |

l A ] 4 A

XX(1) xX(2) XX(3)
XENDY  XEND2
Fig. 4.1  Nomenclature For Ablatfon Lugic
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the node boundaries have been moved as showd ig this figure,

! After the nodes and
computod ase foliovs

: the totsl emergy requized to sublide the mase ih nodo one is

QMEL = p ¢ (L' L XTSTL 4 L+ XTST2 # C,, * XTST2 (Tgyp = 1'2)) | |

o L' i# the effective host of sublimation from the previous stop and L i¢

) wher
The ntw cffective hodt of soblimation now is

the physical heat of sublimation,

computed from the ézpression volow

"ij QMEL
Lt e — :
o+ (XTSTY + XTST2)

neat added to mode omne by moving the melt line sep8/8 4s the heat

The sensible
asated for by imeressing the

?
i advected across the moving pounndary and is compe

imation, This incredse

poat of stblimation to form an effective heat of sudbl

smounts to

| QADV = p C XTSTEY (Tsyp - To)

¢ross hatohed aréa.

and {8 shown in the figure as the
he network i8 gocomplished in the 1ast !

ko Dropping sode two and remumbering t

k 2 part of the soutine, after which subroutine BY

1 of the structuse is printed on the 1ine printes.

CTUR is called and & mev schematic

Np— it
T et S e SO

4.9 SUBROUTINE DATA2
o Subroutime DATA2 reuds dats

B ﬁ was credted by LANMIN, Dats on th
particular poist in guestion,

then searched for theé corréct body

grom Unit 7 whieh defines the environment and

o LANNIN outptt file aré shown {n Section 8.1,
LBP 4 yaaiud_ta

— e e = - -

i ; fne¢ body poibt number for the

DATAZ thiough the argumést. The £i1é is

the following quantities afe read from the file afid

poifit and, onmce found,

a3

- . - - -
————



itored using the following varisble names

——

TIME ™ (IC) *
FiLM COEFFICIENT BCi (IC)

ADIABATIC WALL ENTHALDY Hawl (1€)
PRESSURE PRES1 (1C)

Tho lazgost mumber of entries in thése tadlos 48 diménsiomed by the commont vari-
able NMEN and ourronmtly sét to 50, If & scareh of tho filo doés sot fovoal &

matoh of the body point sumber, 1y message is printed, CANNOT FIND BODY FOINT.

4.10 SUBROUTINE PICTUR

| Subroutine PICTUR displays a description of the structure for a specific
Body Point in the form of & picture., PICTUR 4s called in the EXITS progrem in
| two ways, The firet way is from INPGEO, right after the strzuctutrs of & Body
Point 48 defined., This 18 a quick 100k picture, that appears on the interactive
device, etd is used for détermining if the structure defined is really the

strocture desired, If not, an opportunity is allowed to tedefine the structore

T

for the Body Point correctly.

The other way td ° PICTUR is calied is from MAIN after the node structuse
has been defined. This picture is written to the Output file and do-responds to
the specific body point that i béing exectted at that time,

1f as ablator-sublimer structure is chosen, then additiousl calls of PICIUR
will oceur each time & node 48 dropped from thé structuté, For esck sode that
is dropped, & picture will be written to the Output file that describes the
structute of the body point after dropping the hode. As example of & pictuore

- nade by PICTUR is shown in Fig, 4.2. It includes a picture representation of
' the stracttrs of eath layer stacked together and also information 1ike the ma- v

terials used, the structute type and somé of the dimensions.

A TTA u‘ E

Toe  drw- om.o - - -1 .
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“FHIS 18 THE-CONEJLURATION FOR BODY PT, { R
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0,290000 IN

P e te e ee

v
.....l............I'.......'..I..'.'.....Q.....'.'.......'.. t
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Fig. 4.2  Line Printer Representation Of
' From $ubrout1nepPICTUR Stple Structure

4,11 SUBROUTINE COMTMP

Subroutine COMIMP is the subroutine which calculates the new toemporatureés
T(I) at the end of the time step given the old tempsratures TO(1), capacitors
C(X), snd condustors CD(1) using the heat balance, Section 2.0, at ensh of the
godes in the structure, Two typed of logie are vsed to computo the témpera-
tures, The first part of thé subroutiné 14 devoted to setting up the heat bal-
snces and the boundary conditions for the thin skia structusze type if a thia
skin section is Adjacht to the node in question, The second part performs heat
balances for all other strustural types,

At the beginning of the routine a check on theé flag ISBFG i¢ made to deter-
pine 4f thin skin logic 44 to be used any within the structure, If not, the
logie flow goes direstly to the standard heat balante for each node, To deter-
mine if & node 48 adjucent to a thin skin element, & chéck is made on the con-
ductors ati either side of the nods, If a conductor value is greater thin 10‘.
then the this skin Keat balance is to be used, (A conductor value of 10“ is
et in subrostine THINS),

Logic is included to determine if the nods is above or below the thin skin
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seotion or if the thin skin soution Jies oft tho surface Or 46 the Ikt stfuctas-
al typs and tequifes the adiubatic boundary coudition,.

The staddard heat balance, Section 2.0, 4s uvsed for a1l bodes othor than
fiodes adjacent to tho thin skin scctions, A ohsck is mudo to seo 4f the sode in
question i¢ & surface modo or 4f it is tho last modo, Fipally, the tempsraturs
of tho surfuve nodo is ohookod to sve if it Has ezcoeded the sublimation tem-

pezature for & ablstor-sublimer structuge. If this 4 the case, the es8eas hoat

is calculated,

EXCHT = (T(1) - Tss)* C1s

the flag NAB set oqual to 6de and the surfacé tempetature set to Tsum:

4.12 BSUBROUTINE NODE

Sabroutine NODE is salled from MAIN to sét up the nodél tietwork and to ini-
tialize temperatareés,

The logie starts by toking one structurd type 4t a time beginning at the
surface and working down, A oheck is made on the structute type, IST, to ses if
it is & slab or ablator-sublimer, If a slab or ablator-sudlimer is found, it ie
divided iato layers and nodes assigned as follows, The layer thivkness is ton-
trolled by the input parametér DTIM which divides the tota) thickness inmto

l1ayers to give a stadle value of DTIM shown below

(D 020
_— mpc, :

The aumber of luyers, conductors, are found from

H
NX ® e 4 ]
1)

— s e m e e e - = -
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whoteo B is the thiokaess

of the siab op ablator-subl inep, Finally,
of each conductor in the slab i fonsd frog

the lengeh
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e —
-

TR 8o o

\
|
|
) K |

At edch conductor, the dode numbey #t the uppor and lowey end of the cosndustor

18 stofod in the L(1C,2) array, tho initial temporaturos

T and T0 are sot and
the nods positions IX(1C) are assigned,

Finally, &t tho ond of this subroatine,

the notwosk information 4s written out whish shows node spacing, stracture type,

material type, conductor aunbor, dnd node fusbersg,

4.13 SUBROUTINE HEATN

This zoutine linearly interpolates the heating and preéssure eavironment |
Benérated by LANMIN and stored in the named cofimdn ENVIR, Time (TIME), is the a
independont asrgament white the film coefficient (HC), adiabat
(BAV), pressure (PRES), ars returned to MAIN,

ic wall enthalpy

The counter ISL dllows the sode

to start the interpolatisn search at the same pluce in the arrdys the last time \

this routine wag called,

4.14 SUBROUTINE VFAC

Subroutine VFAC ocomputes

the geometric view factors of NN

two dimensional
surfaced using the orodsed strings method,

The znamed vommon SF tontading the
. ares, AR(1), enissivity, EPP(I), view

factors F(1,)), and dcda vidw factor pro-
duots ASE(L, Y)Y, of up to ten

sutfdoes which may sse oach other within an enol¢~

of the efid points of straight iine surfaces gre contained in
the XX and vy At2dys in the

, sure, Coordinaces

— e -
. mm e e

famed commosn FACT, Two nésted Do loops, 1 and J,

eytle throtigh each sutface, The area of surface I 48 found from the subrottine
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DIST which finds the distasioe botwoos the end points assuning that the sueface
i & srraight Ling eurfave.
. The view faotor using the crossed strings mothod i¢ shows below, Ref, 3, v
Given two surfaces shown in Rig, 4.8,
A --a“‘ "
-.-_._’ c
. ! N 2T
~
///\\ J
/// N
. Ble”  _ N
! &N.‘N““ 6
Fig. 4.3 Crossed $trings Nomenclature '
g (% + ) - (&% + )
' - S
. F‘l-'.'] 2 Ay |
In other words, the view factsr from surface I to J {8 ¢qual to the léngths o
of thé ctossed strings minus the unerossed strings divided by twice the area of " §|
’ surface 1, :1
o

Subtoutine DIST is called to find the lengths of the crossed and uncrésed
T strings. The variable SUMF {s the sum of the view factors of one surisce o ail Lo

other surfades which should equal 1 but §s fot now printed ott,

4,15 SUBROUTINE DIST - o

Subtoutine DIST finds the distance betwéen two points given their two di-
betisional coordinates. The named common FACT contains the coordinates of the
end points of the line segments which make up the radiation énclosuré, The

coordinates até contained in the XX(I,J) and ¥Y¥(1,J) arrays where the 1 sud~-

Li e e e ——— -

—anm e e A e e = -

soript is the susface number asid J is equul to i of 2 dopenidifij vpon whiock end :

of the surface is considered, The distanice formula

-

) 2 2 ]
D= J(Xx - X2) + (i ~-Y2)




is 0490 to computs the distanve, OB i
R’Gw‘;’.‘\.l’!l{, i"t’l@ﬁ [
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. 4.16 SUSHOUYINE THSTEP

o Thiv sobfontine determinod the-stable time step for the ospidoit time in- . '
o b togration of the Suorgy balance &t sash mode, Por the genezal case the maxinmum

stadle timo step for the nodal mnetwork show in Figure 4.4 is

. (1)
i 49 &
O (J) + cb (9-1) | MIN.

J-1

[ Y

i3

!
!
Y
!

I+1

Fig, 4.4  Nomenclature For $1ab Time Step Calculation

For the case where the node lies ot the surfuce, the conddctor CD(J-1) is ge~

placed By CONV + CRAD, the sum of the convective and rudistive sonductors., Fos

| the adiabatic backwall, the comductor €D(J) is set to t8ro,
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The thin ikin stability requirement for the confignration shown ia Figuse
4.5

ik

. THIN SKIN CONDUCTOR (CD = 1.0 x 1019)

KP1

Fig. 4.6  Nomenclature For Thin Skin Time Step Calculation

‘13 found by ignoring the very high condustor value of the thin skin seetion, 1In
goneral, the stability requiremesit for node Ni or N2 s
C (N1) + C (N2)

20 < .
ct (kM1) + €D (kP1) | MIN wo

For a thin skin surface nvdeé, the convection &ad radistidon condoctors ere in- :
cluded in CD(EM1). For the adiabutic backwall CD(KPi) = O, : ‘\

After the minimum AO4is found, the resulting time step is divided by the |
iaput parametds STAB to insure stability.

- m——— e m e i o

4.17 SUBROUTINE INPGEO
Subroutine INPGEO is the inmteractive routise that sets up theé imitial con-
ditions and defines the structure for each Body Point to be rua, asks for the

FILE NAME of the file that contains the LANMIN (MINIVER) data for eich dody

—— e mmm emimmm

poisit, and asks for the FILE NAME of the file that contains all previodsly de~ ’
fined structures, (NOTE: Uss of this f£ile is optional), 'n;u subroutine also

4

.
'
1
[4
9
'
+
b
!
I
]
i
1
¢
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akks for the FILE NAME of the file that is to contain the ERITS output,
The dmitial, finsl and delta times for the output prit sre algo set hege,
The vontrol parembtdss may aled be changed at this point (£ tho tser dosifos,
Othorwise, defanlt valuek 4re ueed, ‘
The sumbor of body points to be roa is then defiged and the sonditions for

each bBody point age defined, For esch body point, an initial end sisk témpera~

tore 16 defined as well ag the structucd of that body point, The strncture for

& dbody point may be choien from the ttructure file by structuzeé fiumbes or by
¢reating ¢ new structure definition,

Croating s new structure is dome by layers usi - structurd types, material
nusbers, and dimensions, After the structure of & body point is defined, s sim-
ple picture of that structure is displayed and the structure of the next body

point is defined. After the structure and initel condition for all the body

points are defined, INPGRO teturns to MAIN,

4.18 SUBROUTINE SUBPR

Stbroutine SUBPR interpolatées in an array of data to £ind the temperature
and 1atent heat of sublimation as & function of surface static pressuré 88 Sup-
plied by LANMIN, These propesties are stored in the CCS (N, NMBY) array found

i the named common CSUB, The data is stored in the following manner

€8 (N,1) = Number of X-Y paits in array
ces (N,3) = First independent variable (Préssurs)
ct8 (N,3) = First dependetit variable
cts (N,4) = Second independent varisble
¢S (N,8) = Second dependent variable
éto.

{

i

i

l

The routine fitst checks to see if the vilue of the &rgument, X, is out of range

e e i e im e as s

—_—am e e e mo o o e
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of the independent varigbles in the teble, and if so, aseigns thé correct sud-

. soripts to extrapolate Off the end of the table, Jf ths valué is sot out of
Lango, & scardh is conductéd to find the two independent variabies which bound .

the valuo #nd o simpls strudght line dntorpolation is performed, !

4,19 SUSROUTINE SRIPF
Subtouting SRIPF finds the radiation imtetchange futong. ia an etclo-
suré given the ateas, émissivities and the geometric view factors found in VFAC,
The named common SF contaifis the information in AR(I) (ateas), EPP(I) (emicsivi-
ty), and F(1,J) (geometrie view factors), The product of the ares and rediant | ;

interchange factor is stored is ASKF(I1,J).

L The method used in SRIPF is & network method which is solved by an itera-
'—3 tive technique for the radiosity vetween each of the surfaces, If we consider
% the network in Figure 4.8 for an enclosure with theee surfaces

- t% z/{"

-

(]
Eby G—KIL

Fig. 4.6 Network for Typical Three Surface Enclosure

wé see that

MWer 4 'gfl F ity = 9y)

i 42
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Equating theee two expressions and by use of soms algebra, we see that

¢ b n
J [: - :] bJ = ik
1=y Fq 1-pgFyy Km K

is the finsl expression for the radiosity at node j. Using the following {tera=

tive rolazation procedure

il - . n
JJ (1-8) Jj +8J

where the relazxation parameter, B, is typically .8, convergence,

J ’

i~
Jd, = J
J
._.?‘_ < .001

J GREATEST

is found within ten iterations for the structures desctibed {n this code. After

the radiosities are found, the radiant interchange area fadtors are found from

KF (19) = 6}‘ o M Fiey (04 -99)
(Epf - Eyg)

wheré the black body emissive power Eb is assigned arditrarily,

4,20 SUBROUTINE CORG
This routifte determines the effective thermal conductivity, thermal vapaci-
ty and mass of & corrugated panel section consideting hest tramsfer by conduc-

tion sand fadiation through the panel. We fifst consider 4 small sectios of the

corzugited pasel shown in Figure 4.7

— e e e e e o a——— = = -




Fig. 4.7  Corrugated Panel Configuration

gnd choose twd planes of symmetry and sssign the three nodes 1, 2, and 8. The
geonétric and material parameters are contained in the named common GAP, The
thres matesial thicknesses are THi, TH2, TH3, while meterial jdentifiers are
contained in Mi, M2, M3, Overall height is TH and the piteh is P, Tempetatures
at 1 and 2 sre gives as T1 and T2, These parameters are dassigned their rospec-
tive variable mames in subroutine LOAD which is called jmmediately vefore CORG
is called, The temperature at 3 is unknown, but given the temperatures at 1 and
2, geometrit and thermophysical properties, the temperatute at 3 cen bs solved
by iteration, The equivalent setwork for this éystem consists of & sondustion
path from node 1 to node 2 passing through uode 3. In addition, there is redia-
tive heat transfer ffom mode 1 to 3 and réradiative heat transfer fror 3 to 1.
The radistive enclosure for the upper, lower, and corrugated steuctnre is

modeled using three planes shown delow

Fig., 4.8 Radfation Enclosure for Corrugated Panel
44
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Plane 2 {4 s plano of symmetry in which thé emiesivity is zers and all incidesnt
eidintion is refiovted buok into the enolosuré which {s the emitted and feflect~

¢ od radiation from the reflocted enclosure 1', 8, 3, The coor8inates of the
planss 1, 2, § aro sot and stored in the XX (I,J) and ¥ (1,J) srraye whore I s ‘
4 'the planc number wnd T is 1 of 2 reprosenting the ¢nd points, Tho subroutines
VFAC and SRIPE are called to 8efine goometric view faotors and arca~radiative

lntuéhange faotors, ASF (1,7)¢ PFrom these factoz adistion conductors are

formed from the following expréssion
Kyg = A& 0 (T3 + 10 (T, +7) |

whére g = Stéfan Boltzman Constant

The equivalent nétwork for the total heat transfer from surface 1 to 2 is shown B

in Figure 4.9.
|
1‘
f
i ¢ Fig. 4.9  Corrugated Panel Equivalent Network '
o
& The thfee cornductois in series K, K, K, and R,. k,' £*' represent the pathy
Tt
45
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theough the uppor and lowey surfaced, a contact conductance which for the

presont time 5 sot to 10° times the arcs, and tho econduction path through the

Corrugated seotion, The eapréssion for the theod conductors {s sezios i T Y

to form tho conduotors from fode 1 to § and 2 to 3 as shown beiow

61 & o KIKQKS
Kle + Ksz + K2K3

and

K!K!K!
17273
czg K'K““ K‘K""K'K‘
172 173 23

If we represent the radiation paths from I to 3 a3

2 2
¢4 = AT g0 (T3 + T2 (1, + Ts)

and 2 to 3 asg

' 2 2
5 = A g0 (14 1)) (T, +1,)

we can iterate on the temperatusre at 3 using the following éxpresgsica,

T,CL#+ 1,02+ 1,04 + 1.0
T e (1-8) ey ( — 1 T 5)
C1+C2 + 4+

Convergence is obtained when

LI
—— - 001

n+e
TS

whete ¢ is the input perameter TOL sét to a default value of ,001,

46
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When the temperature T, 46 sulved for the total hest transfer pos unit srea of ' {
panvl i computed
[Ty = Tg) « (C1+C4)

»
Q =
Pe !
i \ atid the equivalent conductivity is found from |
Q
XK & =———* |
Ty - T,

An example ¢ase for an aluminum corrugated panel and the équivalont thérmal con-
/ ductance i6 shows in Figure 4.10,
¢ - The thermal capacitatice is computed from the mass of the structure and

split in two equal parts assiganed to CAP1 and CAP2. Total masgs is found and

1 stored in XM,

- 4,21 SUBROUTINE HONEY

"Subroutine HONEY detérmines the effective thermal conductivity, capatity 5 3
and mass of o hoseysomb core sandwiched between two ldyérs, The geometric de-
finition and material identifdiess are containsd in the named common GAP,

Temperatures of the otter layers T1 &nd T2 are also fouond in GAP, Cell dimen- ‘ o

f } ¢ions are given by TH, the overall height, end B the distance from one flat side
;Z% to the other for a hezagonal ¢ell. The distante D is the piteh distadoce showa o

;

|

.

} 3 in Figare 4,11, : ' .

(3
d
4

4

N
H
‘

Fig. 4.11  Honeycomb Cell Dimensions
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Fig. 4,10  Corrugated Structure Effective Thermal Conductance
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The number of colls per unit sres, the nombet of cell walls, and the volume of

tho materis]l makin p the stguctuse sre computed,

Hoat tranifor tbhrough the honoycomd 4s asstmoed to bo by ocosnduction through
tho oore and radistien within each ce1i, Each cell is assumed to bave #ix eqoel

* walld which is shows {n Figurs 4.12,

; o1 ]

]

CENTER 3
oF °

CELL—'\!

Fig: 4.12  Honeycomb Cell Model : S

Temperatares at 1 and 2, T1 and 12 respectively, are given, Temperatuare ut 3
is solved by reluxation., Rediation from nodes 1 to 2, 1 to 3 and 3 to 2 is vom~ 1
puted by assuming & view factor of .1 from surfase 1 to 2 and .9 from 1 to 8. :
This is done in lieu of using the 6rossed string method (subroutise VFAC) since
this is o three dimensional c¢onfigufation, Changes in the view factors tan ﬁe
mide eas'ly to reflect sell size and honeycomb thickness, Typical view factore 4

a8 a function of cell size and honeycomb thickness aré provided in Tadle 4.4,

—— = e caamm v - A =

-~
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-I- VIEW FACTORB
s (Basa To Top) '
F,_, (Baso To Sidos)
—
) 4
02 -3 0“ .5 06 08 100
h—t,g _
.25 0130 6230 6300 0380 0450 0540 6610
e .870 70 1 .700 620 ~,880 480 | .390
050 .033 .075 0125 0173 0220 o300 .380
L 968 | o928 | 878 | .e28 | .10 | .700 | .620 |
1.0 028 038 .040 060 078 A28 170
9713 963 .960 840 .28 .878 L83 |
| P E
2.0 012 020 V28 030 088 .040 060 ‘ ;
3.0 008 | .010 | .017 | .0z8 | .027 | .028 | .080 :
099& 0990 ¢988 0975 0913 " J"ﬁ 0970 - '
4.0 006 | (012 | .o16 | .020 | .021 | .023 | .uzs | !
0994 0908 0984 .930 0979 ) 0917 0973 | ‘:
Table 4.4  View Factors From Top And 8ides To Bottoa Of
[
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The equivalont alectrical network 44 shown in Fignra 4,18

Fig. 4,13  Equivalent Network For Honeycomb

This netwotk describes the heat transfos path betwoen thé upper and lower oo

surfaces, Equivalent conductors for the conduction paths are dvtermined from

C1 ¢ CONK * C3 '
XCl = - v
C1 * CONK + C3 * CONK # C1 + €3

and

A2 = C2 + CONK « C3 !
\ C2 + CONK + €3 « CONK + C2 + €3 I

: vhere CONK s the contact conductance between the core and the oster suxfaves,
currently sét to 10° BIU/Ft"-Bec-"F, R1, R2, and B3 are computed using the

, three temperatoies and the view factors. Fimally, the temperature at § is found
by telazation veing thé formula

n

TR {f1.(xc1 + R1) + t2.(xc2 + R2))

T

XC1 + R1 + XC2 + R2
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In the éxpression above, P 44 tho relaxation factor usually set to .9 in the

iaput, Convergenve is rapid and ccoars when

™ g o
8 N .
‘—?2-*1—- < TOL -001
Total hea: transfer is computed from the conduoctor vdaltes and three knowt tom~
peratures, Equivalent conductance is then found by dividing by the temporature

difference T,~T,. Az example csse is shows in Figure 4,14 for an all aluminum

Bodeycomb structure, Capacitance CAP1 and CAP2 is found in addition to the mass
of the structute and stored in XM,

4,22 SUBROUTINE RGAP

Subroutine RGAP computes the equivalent conductor value through a radiation

gap. This mddel also includes the thermal condustance 6f the upper and lower

surfaces, The thermal modél of the radistion gap used is shown in Figure 4.13,

1 | %
I a

//K 4

A y

| Y
}JYKS ,'J
9 [ |

. Fig. 4.15  Network For Radiation Gap Calculation
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The tesperatures st A and B ase computod from thv known tompésfatures at 1 and 2,

All geométric and materisl phrametess ato passed to ROAP through the nemed com-
mon GAP, Tho radiunt iaterchasige factor betwest the two surfaces i assumed to

be that of two infinite plates and {s found from tho éxprégsion below

1 4
éf-s '
i 1
—— + —— 1
€] 22

An iteration procedure is used to find the tetiperatures at A and B given the i
temperatores at 1 and 2, T1 and T2 respedtively. The conductors YE1 and YE2 aze

found from the conductivity and the thioknesses TH1 and TH2, YE3 is a radiation

¢onductor found from the following éxpression:
Y3 = adr ; (1A% + TB%) (TA + TB)

The relaxation algorithm used to £ind TA and TH is s follows

. PR n i
I o (4 opy a4 g TL YKL TE - Vi3 .

YKI + YK3 ‘,‘
j
ot .
T2 « YK2 + TAM .« yka
8™ & (1 4p) BN 4 B - Yk .
YK2 + YK3
Cotivergence is found after )

TA™ | gl o e . 1ph

- <¢ " .001 L
TAR TB" |
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Bquivalest thermal conductivity is found once TA and TB are solved by
YKY  YK2 o YK3

XK LE .
YK1 ¢ YK2 + YKI ¢ YK3 + YK2 - YK3

An exdmple dasé is shown ia Figure 4,16,

Fiaslly the mhes, XM, and capacitence, CAP1 and CAP2, are computed.

4,23 SUBROUTINE STAND

This subroutine computés the equivalent thermal conductante, capac¢itance
and mass Of & structute consisting of & standoff section and twd outer surfaces.
Heat transfés 48 assumed to be by conduction and radistion through the panel,

Consider the sndll section of the 2-standoff panel shown iz Figure 4,17,

’ .
§ 01 : . {
fo— H

¢ - ) 1 {
- ]
Fig, 4.17  2-Standoff Configuration

We choosé o #ingle esélosuste bounded by two standoffs’ mid-plane and assign

thres modes to the four sutfaces, node $ being comton to the standoffs. The

jeonetrio 4nd matesrial parameters are containéd in the naméd common, GAP, The

thres mitérial thicknessés ate THI, THZ, atid TH3 while the material ideésntifiets
dre Mi, M2, and M3, Overail height is TH, the pitch 4 P and the flange width
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48 B, Tempezatores at 1 and 2 are T1 and T2, Theso pardnétess are aksigned
theis sospoctive veriable famos is subrostino LOAD which is called immediately
before STAND is oalled, Temperatuoge at 3 44 uaknowa, but gives the temperatures
6t 1 and 2, geowetrio and property dats, the tempereturd at 3 cam de solved for
by {tesation, The heat transfer paths até oconduction from the upper and lower
sarfaces through each of the utandoffs, since the model is asymmetrical abost ¢
midplase, and radiation from node 1 to 2, and from 1 to 8 t6 2. The radistive
'eaclocure for the upper lower surfaces, and standoffs consists of four planes

shown in Figure 4.18,

1 4 3

>
X

Fig. 4,18  Radiation Enclosure Model For Z-Standoff

The coordinates of the plenes meking up the enclosure are computéd and stored in
the XX(1,7) and ¥YY(1,J) arrays where I is the plane number and J is 1 of 2
représesiting the end points, The subroutines VFAC and SRIPF are called to de-

fine geomdtric view factors and area-intetrchange factors ASF(I,JY).

From these fattors, radiatiof conductors are formed from the following ex-

préssdon

by = APy 0 (1 +7H (1 + 1))
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The equivalent network for the total hoat tranefesr from surface 1 to 2 i# shows

in Figore 4,19,

- I\flh 1 xCM
/]\
/ \
(// | \\ c38
(W {:] }“u R | \7
cic /7 ' R2 ‘\\\ cac
r/ ( \
3 - 3
N 3 //
\\ ' - f/
C2c )» R3 i / SRé <> 04
. / 4
ce \\\ | // 2 c48
5!51
C2A 2 CaA

Fig. 4.19  Equivalent Network For Z-Standoff

Bquivelent series conductors are formed, C1, C2, C3 and C4 whick include & ¢on-
tact conductanoe and the coaductance of the platé and standoffs, Radistion con-
ductors Ri, R2, R3, R4, and RS complete the network., The espressica for the

equivatent sonductor €1 is

ClA - C18 - CiC

(o
C1A - C1B + C1B ¢ CiC + C1A - ciC

Similar expressions are used for €2, C3 and C4. The temperature at 3 is found

by relaxation using the following expression

T1(RL+ R2 + C1+C3) + 12 (C2+R3 44+ R4
‘r;‘“-(l-a)Tg'ra( ( )>
RI # RZ 4 R3 + R4+ Cl+C2+C3+chd
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vhore is the isput paramoter TOL seét to & defuuit value of ,001.

The total heat transfer per unit of panel is them found from

g (T1 = 72) » R6 + (T1 - 73) + (C2 + €4 + R3 + R4)
P

and the equivalent thermal conductance is found from

Q

XXe —

Tl « T2

An eximple of the equivalent tharmal conduotanmce calculation is shown in Figure
4,20,

The thermsl ospacitance is found and stored in CAPL and CAP2. Total mass
is found and stoszed in XM,

4.24 SUBROUTINE THINS

Subtoutine THINS asomputés the capacitance and mass of s material with {a-

finite thermal conductance, CAP1 and CAP2 sach contain one half the total theg~-

mal capacitanice of the plate and XM contains the mass, The equivalent thermal
10
conduotance is set to 10 , while sever used ia computing temperaturés, it 4

used s & flag to indicate presence of infinitely conducting plate,
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Data required for oporation of EXITS comes from soversl sources. Dats for
the purtioctlar cuse, oontrol pardmeters, goometey otc, oomes from the intsras-
tive isput. Mateérial properties aré on a propesty file¢ and identified with o
materisl sumbes, Tho éaviromment comes from & file oreatéd By LANMIN whioh is
tompatible with the EXITS iaput format, If the stroctural configuration has
been modeled previously and saved on the structurs file, the user can skip the
structural modeling questions during the interactive inmput, end call in data
from the structurs file to desteibe the detail of the thermal protection system
being investigated: A user may wish to study the effects of changing certain
trajestory parametérs, in such case he would create several LANMIN input files.
Be would thes run the EXITS code at eath body poist being investigated saving
the structure by essigning it a strocture number and saving it 6n a structure
file. The input for the subsequent trajéctory cases would be greatly simplified
sifice the gétmetry and materials have been defined and stored on & structures
file, Several of thess structures files may be created, each file defining the
thermal protestion system &t selected body point locations on s particular vehi-
cle. With thess data defined, one can eusily compare for thermal protection
systenms candidate vehivles’,

The following discussion presents examples and descriptions of the input
duts required for input ia the EXITS code. First we bave the data defining the
énvifonment generdted and stored by LANMIN, Next the muterial properties fite,
which presently contains some twesity eight materials and can beé added to o
edited as the udex chooses, is presented. Thitdly, af example of the file gesi-

ezated by HXITS which saves the thermal protectios sgetém structeral and geonne~
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tric definition and s called the structures file,
Two examples of the interavtive inpot which demonsirates use of 411 of the
optiafis and the soven structure types nce svailable in EXITS are presented, A

doscription of the output for thess osées 48 given in Soction VI,

5.1 LANMIN GENERATED ENVIRONMSNT FILE

The enviromment for the body point under imvestigation i¢ gonerated by the
LANMIN code and stored as s data file, The EXJTS code zeads this data from Unit
7 in subroutine DATA2 and stogfes it in arreys, A body point descsiption and

body point sumber i¢ read from this file by the following statement

READ(7,700, END=1000) DESCRP, IBP
700 FORMAT(A72,18)

until the body point specified in the interdctive input is found, The eaviron-
ment is then read immediately following this record by the réad statement showa

below

READ(7,701)TM1 (XC),HC1(1C),HAW1(1C), PRES1 (IC)
701 FORMAT(2%,Fe, 1,39%,E10,.3,2%,E10,3,306%X,E10.3).

An example of the LANMIN input file is shown in Table 8.1, As can be seen,
only the time, énthalpy basga heat transfer cvosfficient, adiabatic wall eénthai-~
pys and pressuré is réad, Data may be réad in either the English uniits or
Metric units shown in Table 8.2, Trajectory points are redd uhtil & negative

tigie point 4¢ encountered,
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TR TR 5T

GUANTITY ENGLISH METRIC
TINE SECONDS SECONDS
FiLM LEM, Rs.
COEFRICIENT FT ~SEC M ~§EC,
r
ATIC 1A'l JOULES,
Qﬂfﬁﬂ %Eﬁ? Ks.
L ENTHALPY *
PRESSURE LBg, NEWTONS
FT . , Wi -

Table 6.2  LANMIN Generated Envircnment Units
3.2 MATERIAL PROPERTIES FILE

The thermophysival propesties f£i1¢ is read by subroutine DATA1 whioch finds

the specifiod material identification sumber, Tabis 3.3, and then reads the four

of six property tables for a noz-ablator or ablatos respedtively, The present

4ré contained in the file INPI,F'T gud re4d by Unit 8 aad

are shown in Teble $.4. Property duta are dsually & function of téemperatare

ofily, howevesr, the option exits for density, spetific heat, thesmal tonductivi~

ty, and emissivity to be a function of both temperatore and pressurs, 7Two eddi-

tional properties, sublifiation tempsrture, and heat of eblatios are added for

the abiation tiaterials, Both of these properties are isnput ag » funstion of

préssure,

Referring to Table 8.4, we see that the present property file containg
tventy eight matérials used in thermal protection system desdign,

Materinl idsn-
tifioation aumbers are giveén as the

first entry of the header cazd for the dea-

sity tedle. The heades éard o each table iy send by the following statcwent

READ(8,701)kD, 3D, TESTL, TEST2, THPMXA
701 FORMAT(13,2X, 13,4%,A10,1%,A13,R10,0)
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MATERIAL LIST

29,

Aluminon 7074-T6

Cork

LRSI Codting

HRSI Coating

L1-900 (Bivariate)

FRSI Coating

FRSI Nomez Folt (Bivariats)
SIP RIV 460

Titanium

Coatsd Columbium

Copper

Berylilium

2iréonia

Moiybdenim

RENE 41

Miceo Quazts Felt Insulation
INCONEL 617

RCC

Q-Felt 108 (Bivariate)
Tantalum

Tungsten

INCONEL X 780

L 605 Cobalt

HAYNES 28

MIN-K 1301

LI 2200 (Bivariate)
Nylon Phenslic (ABLATOR)
B-Stage Cozk (ABLATOR)
MSA-1 (ABLATOR)

Table 8.3
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(G (+)
\ L2 AJOTSTAOEMITY 60,0
: 0, 178,
; lm. 1”0 )
zo &-7079;;8 BPECIFIC HEAT ORIGHIAL (4
3100 ‘0 OF POOR QUALITY
40,0 498
60,0 0
130, 278
40,9 278
10000. om ¢
6 AL,7078-T6 CONDUCTIVITY
0.0 '0 '3
#0.0  1.4008-2
M.O ?.00&"!
7‘006 2-90“"2
960.0 201M'ﬂ
%0.0 2.9”’2
2 AL7075-T6 EMtsstvity
000 .ﬂ . )
; 10000, 2 ‘
; 2 2 5 CORK DENSITY 840.0 '
: ot s
j 10000, 10,
i : 0 CORK SPECIFIC HEAT
| 10000, 04
i 2 CoX CONUCTIVETY ,
n E o.o ‘lm.‘ , |
- 10000,  &.90-6 L
o 2 CcOmt EMISSIVITY 3
0.0 K]
- 10000, R
- 3 2 LRSI CDAT DEnsITY 18400 ‘
! 0.0 104.0 Co
' 16000, 104.0 S
. 9 LRSI COAT SPECIFIC HEAT v
0.0 A8 ‘
| 210.0 9 ;
; 310.0 A7 :
060.0 49 .‘
; 710.0 29 !
; 960.0 om !1
j 140, 283 :
} 3‘60.0 .343 “‘
; 3450.0 30 |
| 9 LRSI COAT cOMdubTIVITY |
" 0.0 1.181E-4 . ]
20,0  1.181k-4 o
, 30.0  1.2508-4 oo
i 0.0  1,35%-4 o
1' 710.0 1,524 ' !
: 980.0  1.470E-4 ;
14500  1.9%E-4 !
M0.L  2.45% !
N0.0 L2784 :'
)
; Table 6.4  Thermophysical Material Properties File {
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G

2 LRSI COAT EmIBSIvITY
0.9 80

ORIGINL, 40 i

10000, P OF POOR QUALITY
4 1 IRG1 COAT DENSITY 2140.,0
0.0 104,0
10000, 104.0
. 30 HRET COAY GPECIFIC MEAT
210.0 49
310.0 8y
, Wwo
- 710.0 it A
: %60.0 44 '
{4800 8%
Mbo 03‘5
40,0 00
_ 9 WRST COAT cONDUCTIVITY
0.0  1.181E-4
- 210.0 14818~
- 310.0  1.290E-4
4 MO0 1,354
= 70,0 192884
Sy 1480.0 1,954 |
¥ 60,0 2.453%-4 ‘
= 2 WRST COAT EMISSIVITY
::‘; ) 10000, 89
4 S 2 LI1-900  peNetTy 2760.0 ;
=) 0.0 9.0 :
= 100, 9.0 ,
= 1 L1900 SPECIFIC HEAT
0.0 070 “
&) 210.0 L7 1
3 310.0 .09 i
EO 0.0 1% \
5. 710.0 210 ';
1‘ : qwoo .332 "
SR 1480.0 208
= 1960.0 0
_} : ﬂlooo vom '
¥ 3440.0 302 !
R i
3 i
i ;
& |
Table 5.4  (Contfnued) i
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0.0
10000,

0.0
10000,

0.0
10000,

0.0
10000,

v .
"
"

e~y
b sl b

T
-3
Ry

210.0
4400
80,0
760.0
1040,
1260.0
1440.0

;
i
n
|

o
&R e

L0 CONUCTIVITY

0.0 .
LM"" ‘QM'&
305 1, T4
9.09&-6 i,m.&
2,59%-4 2,89%-5
3ATHS DATES
486166 4.8416-6
SATED 4,47
3.95%‘6 9.35“'6
L4885 11855
,575-5 4,978
a‘om's 2 m-s
2,685 2.68%-§
$.20F-§ 3,909
4.?775-5 ‘.2775-5
§,271E-9_8,977E-8

L1-900 0 EntesIviTy

i

1.0
FRSI COAT DENSITY
9.0

.12 .18

4.08E-6 4,166E-8
207775'6 5.0338-&
:Mm'ﬁ 6.23“-&
4.63&-6 7,6“.6
‘oM"& 900275"6
7,639~ 1,0886-5
0. JRE-b 1.366-8
1.8756-8 1.714E-5
1,405 2,1%6-5
2.478-5 2.6166-8
2,839 3,29%-9
3041“‘5 3.9615-5
Q.M"S 5.00&'5
S.MAE-S  6,0806-9

1160.0

9.0
2] Cﬂg; SPECIFIC HEAT

2

FREL COAT CONDUCTIVITY

9.000€-3
SQM.S
FREI COAT EMISSIVITY
.80
)
FRst ;um BENSI Ty
N

1160.0

84
FRS! NEX GPECIFIC HEAT

300
00
A12
320
33
R )
340
3%

Table 5.4

€8

1.6
bom"b
6,0b0E-4
6, 9ME-H
8.7775-6
1i114E-5
1.3“5-5
§,687E=H
200“5"9
1143“"9
2.948-4
3. 9275'5
4.3055'9
4.9m-9
8. 411E-8
7‘?775'9

16,0

60"‘"6
b A0
7,638
qo‘m“ﬁ
1 ,R02-9
1,4B%-3
{,8976-9
2. 1m‘9
§,6146-5
J.438e-5
30777!"9
‘053*"5
5.38‘-5
b, 728
8.0%3€-9

(Continued)
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10 FREE NOEX CONDUCTIVETY ORIGINAL PAGE 1y
20 60 WM w2 2ue a6 ae s OF POOR QUALITY
5.0 ‘ oeoﬁ" lowu" { o’“&"b Q.M' b 2090””5 9093&‘6 3.09&%

2!0 0 1.9088"0 i 0”&'& ’ .9“8"6 :.zM'b 2. 5955'-6 iom"b 3009*"‘
0.0 2,08%-5 2.00E-H 2,986 2.883-5 4,706 O.500E~ §,72E-H
560.9 ﬂ.m'-é ’QM.‘ 3.“"‘ MME-A 906‘”‘"‘ 6.6118'-6 609“‘!“'6
7‘0 .0 aOM'b a.m‘b 4.3055-6 411 tE"é 71,6396 0.9“5'5 ".8615'6

im.o 4 Mﬁ" ‘o 1“‘6 6"“5"6 ‘ .0935“9 1 tM"s 1 0“"‘ ‘ .7m'5

2 FRE NDvEX EmiggIVITY

00 1.0

10000, 1.0
2 QtP;T:M DENSITY 9600

0.0 .
10030. 8.0

SIP-RTVOLO BPECIFIC HEAT
0.0 N
0.0 814]
0.0 270
40,0 280
“0.0 om
5600 288
6800 300
8400 0
1000.0 0
7 SIP-RTVSA0 CONDUCTIVITY
0.0. &.are-h
0.0 s40%H
Moo 6.9“!"5
480.0  A.B0%-8
0.0  9.53%-5
80.0  4.326-3
9.0  4,0%%-5
2 SIp-Rtves0 Emissivity
0.0 1.0
10000, 1.0
2 TITANIM  DENSITY 1280.0
0.0 3180
10000, 812.0

Table 5.4  (Continued)
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&  TITAAIUN  GPECIFIC MEAT
0% ‘

o
i oF FOOR oty
000, .60 QUALITY
5 TITRIN  CORUETIVITY , |
0.0 toM’G )
0.0 1,203 1
Moo 1.%’3 1
1400.0 209“‘3 |
’ma 208”’5 t ‘
2 TN EESIVITY ;
0.0 42 !
10000, A2 ‘
10 2 CYD.COLUMB DENSITY 2960,0
. 0.0 90,0
10000, $62.0
&  C1D.C0LUMB SPECIFIC HEAT
o'o 0“’
M.o .m
e “000 .“‘
1080.0 R
1480,0 R ]
o 10000, 088 |
B & CTO,COLUNB CONDUCTIVITY |
= 0.0 ‘.W‘@ j
0.0 4.ME-3 ]
950.0 60‘“"’3 |
0.0 7.%6-3 o
M.O 3.“"3 \K !
10000. 8.0“’3 e
4 Cth.coLbes EarssvIty :
s 0.0 o9 '
30,0 49
4060.0 a” i
10000, .24 ;
. 2 CPPER  0BNIY  1%0.0 |
0.0 88,0 |
16000, 355.0 :
8 COPPER  SPECIFIC WEAT .
0.0 .0001 !
‘- woo .Om L
o ‘60.0 .m f
L 90.0 400 !
e 14¢0.0 110 {
e 1960.0 0‘20 1
. a0 g . ;
A! ) |
5 ‘
o E
v !
b Table 5.4  (Continued) i
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¢ COPPER  CONDULTIVITY
0.0 W7
w.O .
Wo.0 0k
980.0 N
14800 058
1940,0 Q57
.0 084
10800, 0%
2 COFER  Emisglvity
66 @
1060d. 78
2 BERVLLIUM OENSITY 1660,0
0.0 {180
10000,  {16.0
10  BERVLLIUM SPECIFIC HEAT
0.0 +000
00,0 .00l
30.0 &)
40.0 39
%0.0 ¢5_9
$480.0 o8
$940.0 78
0.0 84
2900,0 8b
0.0 84
9 BERVLLIUN CONDUCTIVITY
gl 1
960.0 ﬂﬂ’a
10,0 17,0083
19600 14,0063
woo ‘20“"3
m.o ﬁ“.m"ﬁ
Moo ‘20“’3
2 BERVLLIUM EMIBSIVITY
0.0 Bt
10000, Rt
2 UIRCONIA  DENSITY 30,0
0.0 9.4
30000, N9.4
&  URCONIA  SPECIFIC HEAT
0.0 M
40,0 18
9%0.0 .40
180 48
M08 18
0.0 .19
& TIREONIA  CONDUCTIVITY
0.0 3.3&&4
@Wwe 2.4
90,0  2.9:0E-4
10,0  2.790E~4
woo 3.‘1&“
0.0  d.uiEH
Table 5.4
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@ ZUIRCONIA  EwrgsIVIYY
00 X

o D0 e me e i K L D

R e o R i T R R R et
o e s,

10000, .20 |
14 : . m.gg&:m DeNsITY 2840.0
: . ORIGINAL PAGE i
10000.  &40.0 y
7 MLYIDEMM EPECIFIC HAT POOR QUALITY ,
0.0 .08
w0 092
0.0 .bu0
1440, 067
0.0 080 '
80,0 110
w0 1D
7 HOLYBOEMM CONDUCTIVITY
°0° o““
a0 O
&0.0 L0218
10,0 0200
0.0 L0100
H%.0 0180
0.0 L0119
& MLYBDEMM EmtSSIVLY
o.o Om
‘MOQ (”
15 2 ROEM  pewITY 2060,0
0.0 5130
.‘ 10000,  $12.0
X S ROE A SPECIFIC HEAT .
g 0.0 .08 :
. 0o .08 1
®0.0 .05 :
- . m.o 0230 :
" 10000, 830
$ ROE 4L cONDUCTIVITY
i 0.0 0014 . !
| . m.o owi‘ .‘
A 0.0 L0022 '=
: 0.0 .00 5
0.0 002 !
J 2 RENE AL EmISstvity '
! 0.0 .0 .
f}, 10000, .20 ;
' 16 2 MICRD GAT2 DENSITY 1460.0 !
| 0.0 4.8 :
i 10000, 3.9 1
: 9 HICRD GRTE SPECIFIC MEAT :
s 0.0 .8 !
0.0 .8 ;
e an !
Ly 80.06 .12 !
: 8.0 .0 .
I 1260.0 % ‘
1 Lo
- Table 5.4 (Continued) -
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g WICRD GRYZ CORDUCTIVITY

0.0 70’“" v
70,0 7.63%-4 OF POOR QUALITY
00,0  9.0206-8
0.0 .30
120,0  1.8816-9
. 1800 1.77%
0.0 1NE-S i
00,0 397068 |
2 NICRO GRYZ EMIBSIVITY 1
. 0.0 . |
10000, 8 ‘ ' ' ‘
0 2 INOL &7 DDITY 22800 |
0.0 %a1.8 . ‘
10000,  921.88
{2 INCOM. 417 BPECIFIC HEAT
0.0 100
m‘o .‘oo
60,0 104
w‘o .‘1‘
1060.0 117
1880.0 131
10,0 13 .
180.0 .M ‘;
m.ﬁ .150 41
”wbo 0‘57 ‘ !
Mto- o‘“ ‘
10“0« o’“ ]
12 INOL 617 CONNCTIVTY
0.0 2178
moo ’.17&"3
680.0 2,383 :
woo 1061““3 §
‘Mao QOM'g K
1‘“00 3\“%“3 '
‘m.o 307“’3 v
18600 4.00%- |
m.o ‘AM'S :
2000 4,503 :
M.O 4.“-3 :
10000, 4.8 .
2 INOL o7 EntesIVITY "
°.° .1’ lj
10000, Bt :
8 2 # BENSITY 3000.0 y
0.0 1037 %
imo ‘“01 !
E }
~ i
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P HOORC GPECIFIC MEAT
* : 000 [} M
: ; 160.0 'om
%.g i ORIGINAL Prey [53
] ] Q . 1
‘ a0 ‘o F POOR QUALITY
0.0 .o
: 1960,0 3%
-'_ Mio Om ‘
W0 A
1000, .42
; i0ORC comumviry .
" 0.0 1834

10,0 1,804

0.0 8,304

0.0 1764

850.0 8,104
: 1060.0  0.70s-4
0.0 9.29%4
- AN0 9724
: 8400 9,724
8 Rt eusstviny
b 00 .8
x M.o .e
[ 200 .68
aw.o e :
; 200 .08 o
' 3UN.0 64 !
& 1mo .9‘ '
\ 19 2 o+ET 0B 00NINY 11400
: 000 6.0 f
t 10000. 4.0 '\
i 10 QFELT 108 PECIFIC NEAT ;!
E‘f 0.0 20 : o
! M0 .20 ;
i .o .2 ,
i W0 ,
1 1160.0 28 :
g 1440.0 a7 .
3 1660.0 48 ;
j : 1840.0 & i
4} m.o 030 '
t’ ‘m. 0” i
E !
b |
; ‘
o !
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10 GFELY 100 COMKTIVITY
‘2.0 ﬂl * ‘6 i ‘béo

0.0 3*7“‘6 600“’& OR'Q“‘\VW Pyier e {y
" J 705 6,016E-4 R L
%,g 4.600€-4 6.9:4&6 OF POOR QUALITY

960.0 60?“"6 9.0?&"6
10,0 9.0NE-4 1,107
““00 ‘oM” !.37‘5-9
1“0.0 ‘a““"’ I.BSE-S
‘wco ‘07‘&'5 3.1995-9
2000  1.71%-9 2.40%-8
10000, 1,718 12,4078
) m;atos EmfgsIvITY

“0‘0 o”

1180, 70

1460.0 )

1“0.0 o‘w

‘mé 060

2 TANTALUM  Denstry 0.0
0.0 10358

10000,  1038.8

6 TANTALW  SPECIFIC HEAT
000 om

2.0 .00

0.0 .03

140,  .00%

HDL 0308

%00 a0

10000, 0440

10 TANTALUM  CONDUCTIVITY
0.0  &.7%¢-3

M.O e.7m’3

10600  {.02%-2
0.0 1,073
A0 117062
20,0 1010842

m.o Lm'ﬁ

380.0  1.2706-2

w £ { .m"?

‘m; 1.393‘3
2 TANTALUN  EMisatViTY
00 .2

10000, 30
2 TUNBSTEN DensiTy 44500
0.0 1044

10000,  1204.4
$  TLNGSTEN  EPECIFIC MEAT
0.0 s

.0 .05

MO0 400

o0 07

10000, 4N

Teble 5.4  (Continued)
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)

¥
3,

160.0
20,0
10000,

0.0
§30.0
960,0

1460.0
2480,
10000,

10000,
2
0.0

10000,

TWNGSTEN a'cmcnvm
{8062
250
Mﬁ-ﬂ
9, 60€-3
9. 40E-J
9.M€~3
TNGSTEN  EMIBOIVITY
084
088
INOLKTS0 DENG1 Ty

31,3
931.3

INCOLX7S0 SPECIE 1C HEAT
080

080
Kt )
1%
A7
{70
INCONLXTS0 CONDUCTTVITY
1,9006-3
1.9006-3
2.4006-3
3,400€-3
4.800¢-3
‘.mﬁa
OLITS0 ExgstviTy

40
K]
73

L6083 COBLY DENSITY

59.0
$69.0

LO0S COBLY EPECIFIC HEAT
0958

0048
JJo40
J640
Laoh et oy
1.%€-3
2.308-3
3. l“'a
4,903
4,906-3
L&0S CUBLY ENtSSIvity
80
20
WAMES 28 DENSITY
$70.0
570.0

W, PRI 1
ORIGIMAL. A i
OF POOR QUAUITY

20,0

2260,0

2460,0
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a 2 HAYNES 29 GPECIFIC HEAT ORICIMAY, Tl i
‘ 0.0 .2 J00R QUALITY
000, .12 OF POOR Q
5 HAMEE S cONuCTiviTy
000 ‘o”’ﬂ
: “0.0 l.ﬂ'ﬂ
00 9.7
‘ Ndo SJE"’
10000, 9,882
g HANES O EmtssIviTy
0.0 Y/}
- ' 10000, B
- B2 MK 00 0SEIY  1280.0
0.0 0.0
10000. 20.0
2 AINK 1301 BPECIFIC HEAY
°'c° .ﬂﬂ
(0000, .2 |
7 RINR 1301 CONDUCTIVITY
. 0.0 ‘om*
A 650.0  4.B41E-4
: . 1050.0 s.ml'b
= 1280,0  4.77%E-4
:: = ‘MO 6.”&"&
= 2 MINS 1301 EMISSIVITY
:_;*-. 10000, R ] S
= B2 200 0BEIY 70,0 L
5 00 2.0
S 0000, 2.0
> 2 L1200  SPELIFIC HEAY
o 0.0 Nt )
5' 10000. | . i
= 15 LIE00  CONULTIVITY |
= -0 00 . i 2de AL e, .
e 0.0 36064 3.08€~ A MEL 7.2 8.3%-5 8.6 f
ﬁ ' §40.0 &, 648-8 b, 64E-4 a.688-4 1,116-$ 1,958 1.B0E-$ '
:{' 1“0.0 qo“t“ ’.“5'6 10‘%‘3 ‘t“s's ﬂ.“}ﬂ 2.“8‘3 Co
3\5 i ‘”obo ‘ci!"’ ‘0‘!“5 l‘ﬂ-s 1.6&'3 ?.Sﬁ’S 20&" D
N 90,0 106 1,085 1.4%-S L0 RS 9.0 -
f" ﬂlb.o 1.“5-5 1.6&-'3 ‘bm" 20“‘5 3.“5-3 9.“-3 : i
‘f A0.0 §.90E-9 §.S4E-S 2,306~ ,tm" 3.94E-8 4.2 o
:3‘: ‘ ”woo 5.3&'5 2.“‘9 acm's 30&‘9 ‘0&'3 3.&‘9 }
!i" w.o 3-“{'9 3.&-9 3.7“"3 ‘.9&'5 60“’5 6.%‘9 .
:ﬁ};' . 0. 3.6&-5 30“"9 4.2*‘9 S.m"s 60“" 7.77!“9 ;
= . ‘ .
. .
i L
w o Do
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@ 8
P 2 LI-amb  emssivity ‘
' : 0, &0
’mi 80 {
a 3,0 mg:',%" MBI e210.0 ORIGHSAL PAGE 18 |
10000, 94,0 OF POOR QUALITY
8 NYLON PIEN GPECIFIC HEAY
0.0 20 : '
TN q
60,0 ¥t
90,0 A1
10000, A7 .
' §  NYLON PHEN COnDucTIVITY
i. 0.0 ‘c“"’
0.0 1,098 ‘
“0.0 1.945'3 ‘
910,0 2,903
‘m: iim's
2 NYLON PMEN EMISSIVITY
00 .8
10000, 89
- §  NYLON PHEN SUBLIN, TEW :5
0.0 4670,0
A1 9880,0
afh, 4210.0
211600 6210.0
& S NYLON PHEN MEAT-ABLATION
0.0 11000.0

2.06  11000.0 fﬁ f‘i
1.6 10400.0 .
2416, 9200.0 o

140, 92000 i
8 2 B-570,C0RK DENSITY 120,0 '
0.0 31.0
ims 3.
3 B-B0NCIRN SPECIFIC MY, -
0.0 X o
lm. 0“
4 B-BY6.CORK CONDUCTIVITY L
r 0.0 .11 €3 '
i 060.0 ‘01‘ 5'5 X
¢ 13100  3ME- |
’m.o 3033 E‘b i
2 8410, CORK ENISSIVITY :
t" 0.0 .8 !
& 0000, .8
j ® 2 B-5T0.C0M 68T
&-
3
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0.0 120,
o0, (70,
™ 2 B-ATG.CORM HEAT ARL, .
0.0 7000,
000, 7900, ‘
7 Mt fENaLYY 1080,0
08 140
10600, b,
& M1 BPECIFIC T,
0.0 28
0.0 - .. &
1080, g
10000, o8
A KAt CONDUCTIVITY
6.0 6,30 €
910, 8,30 €-4
1100, 1,39 -
10000, 1,39 €=5
2 16 EMISSIVITY
0.0 i
10000, 8
H» 2 MW 8. 18
0.0 1060,
00, 1080,
N 1 M HEAT-ABL.,
0.0 3000,
5000, 3000,
- END OF FILE

GRIGIAL Fag
" B ? Al "‘! rl'..
OF POOIY QuaLTY

—— . mma
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whése

KD = Matotial laontifies Number

JD = Nutbesr of entrios in Table (dowa the page)
TESTL = Materisl Namd

TEST2 = Propozty (Donsity, spoocific Beat, ote,)
TMPMXA = Maximum alliowable temporature for materisl,

(Road on donsity hoader cazd)

The nest JD recozds are thes reed to load the property into arrays using the

following read statement and format,

READ(8,702) (ARD(MR),Mi=1,8)
702 FORMAT(5X,8E10.0).

For & monovariate table, the independent variable is ARD(1) and the dependent
variable is ARD(2). For a bivariate table, ARD(1) ie the negative of the wumbed
of pressute entries, going across the page, The preéssure values are stoiéd in
ARD(2) through ARD(8).

The next JD records are read by the same read statement, ARD(1) will thea
be the temporature while ARD(2) through ARD(8) are the propexties
i. &, conductivity ot specific heat,

All property tabids must be arranged in a particular otder., The first pro-
pesty must be density followed by specific heat, corductivity and émissivity,
For a ablator-sublimer matesrial, sublimation tempersture, and heat of adlation
dzé added as the fifth and sixth properties. To flag & matérial as being an »b-

iator stblimer, thé matezial identification numbexr is inéluded on ths hesdos

80




¢hrd for the.sublimation tempérstore tudle, Units for the various propesties

4t¢ given Ln Table 8,5 and are siwiys used regurdlees of the onits sot used ia

. tho {sput, ww
R
‘!
PROPERTY | UNITS ]

‘ )
. [ ] C
o DENSI7Y | LBM, /FT, |
o MAXZMUM ALLOWABLE TEMPERATURE DEGREES-R y
. SPLCIFIC HEAT BTU/LBM.~ R C
g THERMAL CONDUCTIVITY BTU/Ft-8£C- R ;
= EMISSIVITY DIMENSIONLESS .
: SUBLIMATION TEMPERATURE DEGREES-R |
BEIGRT OF ABLATION BTU/LBM, ‘

TABLE 5.6  Materdal Property Units

- :J
= ;o
3 ii
3* 5.3 STRUCIURES FILE }
% : The EXITS program will ereate & file which saves the geometric and material : i
% : dsginition of the thermal protection System being analyzed, The user assigns

{’ z this definition a structure fumbér which is wsed to identify the structute for !
55 ' |
R

later use, By doing this, the user can recviluate the same thermal protection
system under different énviromment conditions with & much reduced interactive
input, The name of the structure file is input during the interactive portion

of the input, Structures ato added to the file at the bottom or below any

Stiucture whiech alresdy exdst in the file, 1If any of the existing structutes

have the strusture stmber the uger is using to ideatify the new structure; &
31 t : message will appear during the intersctive input asking for a new {dentification
‘{*, fumber, Thetefote, ohch structure inm the £iis will have & distinct structurs s
l * idestification nusber, - : :

g An example of & structure definition is given in Table $,6 for the demons~




tration ceses presented in Section 3.4 end 5.6, No format spécifications noed ‘
. to be discussed hore sinvce EXITS oreates and résds this file ¢xclusivaly,

The firet tvcord gives the identificatios number, thé number of layers, the
sunber of matérials per layer and tho numbss of dimensions petr layes to define o
tho goomotry, The noxt two 1inde dfe o deecription typed in durisg the interac-

:3 ; tive imput, The neat fous 1ines descsibe each layer. The figst entey gives the
layer type. Material types aré givon in the next three locations., Fimelly, the

next six floating point values dofine the layer geonetry dimensions in feet.

:“ 1 4 3 4 ‘ :
P TEST CASE STRUCTURE FOR LANGLEY CENTER
ABLATOR SUBLINER = RADIATION (WP - THIN SXIN - 2 STANDOFF

7 8 0 0 0.8333G4E-01 0.00000006400 0.0000000€+00 0,00000006+00 0.0000000+00 0.,0000000€+)0
210 1 0 O.10418676-01 06333334802 0.0000000E400 0.1250000E¢00 0,0000000E400 0,0000000E+00
6 1 0 0 0.00000006400 0.0000000640G 0.00000C0E+00 0.2500000E-A1 0.0000000E+00 0., 000000000

$ 1 1g 1 O.1166687E-01 0.1500000E-01 0.7514647€-02 016885478400 0.8584447E400 D.6250000€-01
2 4 b

TEGY CABE BTRUCTIRE FOR LANLEY CENTER ' ;

LB - SLAB - HONEY CONG - CORRUCATED o
0 0 D.EgTUEG2 0.000000E40 0.0000000ESD0 0,0000000E+00 0,0000000EX00 0, 0000COOEH0 :
9 0 0 OALAMATE-DL 0.0000000EA00 0.0000000EAND 0.0MOOEHO 0,0H00000ER0 0,0000K% W :
{11 O.I000000E-01 0.9160E-00 0,79167E02 0,4Z30000E-01  O.00DO0DOENO 0. 2500000€-0f

|

;

. : 17 1; 9 0.:&666665-02 0.5666b666-02  0.1000000E-01 0.8F3IME-01 0,5568687E-01 ©,0000000E+00 i
S8

PO TR

T 2 0 0 O.466847E-01 0.0000000E400 0,0000000E400 0.0000000E+00 0,00ZU000EX0 0.0D00000E0

TABLE 5.6 Structure File For Sample Case Given ‘ !
In Settion 5.4 And 5.6 S

ORIGINAL PAGZ G
OF POOR QUALITY
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ORIGINAL PAGE 4
OF POOR QUALITY

8 . 4-EXAMPLE CASE ONE (ABLATOR, RADIATION GAP, THIN BKIN, Z-~S8TANDOFF)

This £i26t oxamplo cesé configuration is not representative of 8 aotosl .
thesnal protoctiosi system strdctore But seeves to iilostrate the interactive '

iaput fequirements for four of tho structural types. The configuration for this

cdso is shows in Figutre 5.1,

Ablator :r /// "(B‘mé(/ / //

- S (CoTumbium)s
Radtation

Gap .su
410 ».
m 7 /// N =
hin Al : :
Skin "/ / / | 18" :
Inconel 617 ‘ *T' 3
Z-Standoff 2.0 ] f- 095 (Aluminum 7075) :
I '
l — ——3 (Columbium) —1, -\ 18 - .'
P T -
|
. £4g. 5.1 Configuration for Test Case Number One ;
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voes TN
A

¥

As shown in Figure 8,1, an ablator 1,0 inch thiok i placed on top of &«
colunbium shoot .12 inches in thickadss, Noxt we¢ have &f slofiigun plate .4
doobes thidk plaved ovor an Inoonel 617 shest .14 inchés thiok, An sltmintn
Z-standoff #trvoture soparates the Inconel 617 sheet from a columbiun. backface
sheot .18 dnches thiok, Wo so¢ that the .4 inch afuminom plate is divided at &
dopth of (1 inches from tho top soeface, This is required to defime the radia=
tion gap model since & lower surface plate is needed, The thermal resistance in
the .1 inch alumintm 48 included in the fediation gap model and does not effect
the time step, The aerothermodynamis environmesit is located on the file
MINIVER,DAT and identified by body point sumber 3, The structure was saved on
the structure file STRUCTURE,RIL whioh 4s showa ia Tadle 8.6, Also included in
this Qxample is the input sequired to rerun this case using the structural de-
finition saved on STRUCIURE,FIL, The intetactive input is shown in Table 3.7.

For the case where this csample is rérun using the saved strudture, the intéerae-

tive input is shown {in Tabie §.8.

ORIGINAL pgvr .
OF POOR QUALITY
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8,5 EXAMPLE CASE ONE RERUN FROM STRUCTURES PILR

Hore we have restn the case previously desccibed asing the date stosed on
tho strdctures filo which defines the thcrmal protectien system, Tudle 5.8
shows the loput for this casd. As can bo scen, the intordotivé input has brea
groatly simplified, Tho description of linds ono to thirtodn has Beon provions~
ly given, At 146 14, the tosponse 44 ¥ (yos) sinco we have alrcady doscrited
the strusture, Lino 15 aske for tho struoturs idontifier numbor which was e~
signed previously, If tho anéwer at 1in¢ 16 4s Y (yos) then eontrol i¢ returned

to 1ine 7, 4f N (n6) we Mave completed the interactive input and EXITS goes {nto

éxeoution,
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8.6 EXAMPLE CASE TWO (SLAB, SLAB, HONEYCOMH AND CORRUGATED)

ORIGINAL PAGE 15
OF POOR QUALITY

In thie sasmplé the inpot requiremonts for the tomaisiing three dtrdctures

(81ab, Homeycottd, Cotrugateéd) ard demonstratoed,

Agadn, this case is not

reprosentative of s thorwal pratection system but serves to 4lfastrata the input

goquiromonts for the romaining threo structures,

amplo ¢aso 48 showa in Pigove 5.2,

Tho configuration for this ox-

0

;JI". L HRST Coating Siab l
o5 L1300 Slab
¢.12
— ] e - = |
TI 1T .
% Honeycomb, J :
) (Pitch = .3 ); ' !
| LU f
I - _

- ¢ \C 617 —r.op i
1.0 Corrugated .
_1 TITANIUM ' | ‘

INC 617 P |
Los o

Fig. 5.2 Configuration for Test Case Number Two

——— e ——— -




As shown in Pigore 8,2 a LI-000 insulation .8 inoh thick with & .10 dnch
cohting of MBI goating material s hacked op by & honeyconb structure o178
| ihohes thick end & cofrugeted oteuoture, Different watoriale ave uvded Lo the
i" tionoycomd and cofrngated layers to illustfate their inpuc, The sstothermodynam=
” ‘ {o otivitonment is dofised on tho file MINIVER,DAT and idontified by body point
8. Tho structure waé sdvod on tho stxvotute {}10 STRUCTURE,FIL and is iscluded
; ‘ i tho oxample showa id Tablo 8.6, Tho intotactive inpot for this odsc is

prosontod {n Table 5.9,
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Sevtion 6,0
ouUTPUT

This seotion prosents the sesults of the two samplo cases used as exampies
of the input roquirements 4in Soctios 8,0, Input for the firet case is prosented
{n Ssction 8.4 while Section ¥.6 contains input requizements for the sedond
case, Output for these examples is shown here for a typiocal Shuttls rocatey
trajestory, These structures shown 48 Figs, 8.1 and 5.2 are not examples of @
TPS design dut are odly presented here to exhibit the EXITS ocsde capabilities,

The first case 18 the ablator-radiation gap-thin skin- Z standoff structusre
shown in Fig, 8.1, Results dre presented in Table 6.1 for this case. The out-
put is divided into Sections A, B, C , ., . H for description purposes,

Section A in Table 6.1 shows the parameters, fiags, end time costrols for
this case. These valdes aré either set during the {ateractive input of default
values are used, A description of these variablés is given below:

TSTART -~ Initial time

TSTOP - End time

TIMPT - Time betwéen printouts

DTIM - Parameter which controls mode spacing for slad
or &blator structures

STAB - Maxisum sllowable time step is divided by ¢his
aunbés to agsurs stability

TOL - Convergenice oriterie for equivalent conductivity
calculations

BET - Relazation factor for iteratiot scheme used to
compute equivalent conductivity

NBP - Number of body points

NEXT - Nuiber of timé steps dbetween calculation of mew
éohdustor and capavitor values

NSTP =~ Maximum number of time steps

IPFLAG - Flag for printing condoctor 4nd capacitor values,

Section B pressnts the thermopyhstcal propesty veltes used ia the amaiysis,

Only thé ptoperties for theé tmteridls used are shown here, Valdes fur density,

spécific héat, conductivity, emissivity, and for afi adblator matérial, subiima-
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tion temperaturs aud heat of ablstios are given,

Boetion € prosents the LANMIN gonerated onvirofmont for.the bHody point
spooifidd, Values for film cvefficient, rocovery énthelpy, and precsuce are
given,

Sedtion D ghows ths sode positions and numborisg ssquonce, structese type,

matérial and conductor numbsr of the network, Initial téempetature, sink tem-
perature and the view factor to the siak is also showa,

Seo;ion E depiets a graphio tepresentation of the model including the node
spacing and materials. A double horizontsl dashed 1ine separates the structare
types, Node locations are fepresented by an 170'? sa the left hnnd‘aide.

Section F prodents the temperature and load higtories of the structure be-
Binning at initial time, At each output, the total mumber of time steps and the
valde of the last time ;tep taken are ghown, Next, the integrated heat loads
4nd heat rates are presented alomg with the net heat into and out of the struc~
ture, Surface recession and recession rates are shown, The temperature at e¢dch
tode within the sttucture and thé node lesation, XX « 0.0 being the initial sue-
face, is given,

Section G 18 presented each time a mods is dropped from ths network as the
surfave recedes., The same information is contained here as in Section E,

Sesction H gives the unit miss of the TPS and & message if & tenparatire has
oxcteded a materinl limit as specified in the materisl propezty tadles,

Output for the second example is presented is Table 6.2. A description of
this case i3 not nesessary die to its sini{larity to the first exampiv,
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i YoM s 0.000 TETPs 410,000  TINY e 100,000
G 10,000 6A8 @ 00 W . 0,000 BEY 0,800
L { HEXT o - P s 3000 IFFLAD = !

i TABLES

.
"”mom hd MT wc ”

MAXIMM TENPERATURE. . 60,40 EC F

ToF, DENSITY '
(DEG F) (LBR/CU.FT)

| O.ANEH3  0,31006602 ORIGINAL PAGE 1§
I 0.93406+04  0,3100E+02 OF POOR QUALITY

Tag R G

am Ate wTad AR Gwe b v Ay | SeII M Wt A Y TaTwn e owe TS s o e

o, SPECIFIC Y,

{ (BEBF)  (BTUALEN-DEGF) ,
3 DAMET 0. 400END

0.940EK4 6.4400EH0

2

L 109, CONUTIVITY
= (065 E)  (BIW/FI5-0EG F)

045003 0.11106-04 i
O.M0EHT  0.11106-04 o
0.8504E+03  0,33306-08 o

TP, ensstviTy | |
(OE8 F)  (DINENSIONLESS) ;

<0.4596E403  0,60006+00
0.9500E+«04  0.8bO00E0D

PRESSRE G, 1O o
(BSRFT) (0ED F) - o

0.00006+00 0. 7600400
0.5000E«04 0. 700ak403

s . o ——— = - -

PRESSURE HEAT AfL,
B/8a.fty  aTUAEN)

0.00006+00  0,70006+04 .
0.5000E+04  0,7000¢+04

—mm -

Table 6.1

Output For Example Case One (Table 5.7)
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2900,40 .G F

200,40 DO F

CDLE - AT N, 10
WALIHAM TEWERATURE
o8, pENSITY
- (D) (LON/CULF)
O MM0IEHD 0, 520E0
O.0M0EWH 0. 36M0Ew0
e, SPECIFIC HEAT
(6B F)  (ETU/LN-0ED P
SAMERD  0.59008-01
0.40006+00 0. 80006-01
0,206  0,61006-01
0.6046000 0. 43006-01
; 0.10006+04 0, 65006-01
= O.93MEN  0,6900€-01
- . CODUTIVITY
3 (EEE)  (BTV/FT-G-DEB F)
= AW 0.0006-02
2 0.70EXE  0.8400€-08
= 0.504EW  0.61006-02
= 0.1000EW0 0, 7500602
= 0.20008608  0,80008-0%
% 0.9940Ee00  0.8000E-02
1
£4 o, EntesIvITY
3 (068 F)  (DIMENSIONLESS)
il DAKED  0.190040
0.29006404 0, 19006400
0.300608  0,2600400
0.73H0EW04 0. 2400600
: ]
x LTOTS - ME WL
3 AT TENPERATIRE
o, BRIy
EBF)  (LBWONFD

QANEWI  0.17%0e00
0.95408+04  0.1750E403

AU SSRGS N &
- > B - &= A -

Table 6.1

GINAL PAGE 1S
- OF POOR QUALITY.

(Continued)
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T NTFORTE G <3

il o Rt i)

RS R M e B 3

A e i

ikt ane it s o i)

SRR e

TP,
(DEB F)

=0, 48968 03
0. AEH0D
0,40006+00
0, 2004E 03
0.86048 403
0, 1000E+04
095408 +b4

120
(DEE F)

0. 45946403
<0, 19966403
0.4000¢+00
0. 004E«03
0. 40046403
0. 5004E+04

TEw,
(Deg £)

~0.459E403
0.9%406404

SPECIFIC HEAY
(BTU/LEN-DED F)

0. 17006400
0. {700E+00
0. 195€+00

0. 21006400 .

0. 2750EW0
0,27506+00
0, 27506400

CONDUCTIVITY

0. 14006-01
0, $400E-01
0, 20006 -1
0. 25002-01
0. 2700€-01
0. 2900601

EMISSIVITY

(DIMENSIONLESS)

0. 1200 +00
0. 1200€+00

(BTV/FT-5-DEC F)

INCONL 887 - At WO, 17

HAXINUM TEMPERATURE
o, DENSITY
(DES ¥) (LBM/CU.FT)
<0.4396E403  0,921%402
0.9340E+404  0,5219€403
TP, SPECIFIC HEAT
(DEGF)  (BTUABN-DEG F)
~0.4396E003 0, 10006400
0.78ME402  0,1000£400
0.20046403  0.10406400
O.4004E403 0. 11106000
0.6004E403  0.1170e400
0.1000E404 0, 13106400
0.1200E+04  0,1370E400
0. 14006404 0, 14406400
0.16006404  0,15006+00
0.1600E+04  0.1570c+00
0.2000E404 0, 1630€400
0.9500E+04  0,1630E+00

1600.40 DEG F

Table 6.1
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ORIGINAL PAGE 1S
OF POOR QUALITY
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ORIGINAL. PAGE |3

0 ,
P, CwDUTIVITY " FOOR QuaLIry
(06D F)  (BYU/FT-6-0€D )

' 0. 4WE03 020700
0.70406e08  0.2176E-02 .
0.20046400 0, 2330604
040064  0.2b16E-02
0.004E03 0. 200¢-00

o8, ENISIVITY |
(B F)  (DINENSIONLESS) .

0.3 0,1500E+00
0.95006004  0.19008400

O
i |
% b
i' \
§ |
% i
| =
1
i ¢ ' i
|
:
| -
3
r s
o ' |
| . Table 6.1 (Continued) : i
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b WA \

!
BODY FOINY MMBER » 3 GAWLE NINIVER INPUT TADLE

T FILN COEF,  REC ENTWALPY.  PREGEARE ©
B0 (BWSOFISEC)  (OTUABN (LBE/B0FT)

0.0000EH0 0,040 O, 11266008 019001
0. 5000€+0% 0.1231E-04 0, 11246403 0, J49E-01 |
hEE imd fER
' ¢ 0' VT e
! ORIGINAL PAG T
019008 08 0, 5367E-04 0. 11228 0.3777E¢00
O.ATREN  O.BOME-M O.1ZENS 0.73106W0 OF POOR QUALITY |
0.2000€ +03 0.120%~00 0. 112409 0. SAA0E+01
0,225%0E +03 0,795 03 0. 1127608 0, 26028401
0,27%06+03 0, 92X -0 0,11138+0% 0, 774%E+01
0,3%00E+03 0, 3710603 0. 1002404 0.4779E+02
0,4000E403 0, 397403 0. 10606409 0,2004E402
0MM0END  OMMOE-0D  0.407EW8 0.2131Ee
O.M0006K1 0.2 O.M6EWH 0.2AEN]
052808403 0.4325¢-0% 0.976% +04 0.2379E+082
OSMEQD  OMOE-D  O.HSTENL  0.2070EW2
0. 5980 +03 0. 451903 0.9270£+04 0. 259908
0,5400E403 0.4b41E-00 0.89668 404 0.200AE+02
0,49408+03 0, 53208 -03 0.8876€ 404 0.2915€008
0. 46208403 0.685%-02 064808 +04 0.3124£402
07100403 0.718e6-03 0.8430E+04 0.31056+02
OIWES  O.E-03  0.8zEWl 0.R0EN
0,75206+03 0.1013€-02 0.8106E+04 0, 34258409
0.794bE+03 0.15408-02 0.7738£ 404 0.3927E+04 :
. 0.8080E03  0.1764E-<02  0.76108¢04 0.41 288 +08
h O.L%00E43  0.2%%E-42  0.704%040 0.4 |
OBTHENT  O.OMKE-R  O.4THEMM  0.8Mel -
O.H0MENS  O.BMECR  0.L0WH 0.1 o
0,1004E+04 0.2900€-02 0. 4800E+04 0.848640¢ T
O.A0%EA  OAITE-E  OATIEQN 0.£9BEWE .;
0. 10606404 0. Mé1E-02 0.377E+04 0.92858402 L
O.ALIEWN  OASTEDE 0.NEWN 09T -
0. 11728404 0.513%-02 0.3125E+04 0.98456+02
. 0, 1200E 404 0.5193E-02 0,181 26404 0, 9244E+02
0. 12608404 0.54426-02 0,12536+04 0.8445¢+02
0.1290E+04 0.56814E-02 0.1034E404 0.8521E+02
0,13%0E+04 0.4301€-02 0,6930E+03 0.836%E+02
0.1380€+04 0.61696-02 0,94627E+03 0.8002+02
0. 14108404 0.564E-02 0.4545€¢02 0.764%+02

W e e cmmiimm e o e

4 Table 6,1  (Continued) |
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TINIY =

BTRUCTIRE DEFINITION
ooy POINT 3
1000 BEBF  YEINK=  O000EDF Fly =

NGE MMIER = | DISTANCE FROM EURFCE »
CONDICTOR WKOER « |
OTRUGTURE TYPE = 7 ABLATOR SUBLDER
MATERIAL | = G-BYDL.CORK

WHE MrEER = 2 DIGTANCE FRON GURFACE =

NOE WMGER ¢ 2 DIGTANCE FRON GURFACE =
CODICTOR MMBER =« 2 o
CIRUCTRE IYVPFE = 7 ABLATOR GUBLINER
MTERIAL § # BBT0.CORK
WgERs 3 DIETANCE FRON BURFACE o

DIGTANCE FROM SURFACE »
CODUTOR MMBER = 3
STRCIURE TYPE = 7 ABLATOR SUBLINER
MATERIAL 1 = B-810.CORK

NODE NUGER » 4 DISTANCE FROM SURFICE o

O WstR = 4 DISTANCE FROM BURFACE =
CONDUCTOR NIBER » 4
SIUCTURE TYPE = 7 ABLATOR SuBLImR
MTERIAL 1 « B-870,C0RK

NDE MMBER = DISTANCE FRON SURFACE «

NIE MMBER = 9 DIGTANCE FROM SURFACE =
COOKTR MMBER = §

SIUCTURE TYPE = 7 ABLATOR BUELINER
MATERIAL 1 = B-10.CORK
NDE NIBER « & DISTANCE FRON SURFACE »

MU WMGER e b DISTAKE FROM SRENE o
CONDUCTOR NNBER = & _
ETRVCTURE TYPE & 7 ABLATOR SUBLIMER
MATERIAL 1 = §-BT0.CORK

NODE NNGER « 7 DIBTANCE FROM SURFME =

MOEMMGER = 7 DISTANE FRON GURFACE »
CODUCTR WIEER « 7
GHCTRE TRE = 7 ASLATER SURLDN
MIERIAL 1 = 3-610,C00 |
WDEMMGER = § DISTAME FAOM BURFKCE o

Table 6.1
108

ORIGINAL PAGH 54
OF FOOR QUALITY

1,000

0.0000006+00 IN,

0, 416647E-01 N,

0. M1 LAOTE-DL N,

0.6:3333%-01 IN.

0.83333%-01 IN.

0. 1250006400 IN,

0. 1290008400 IN,

0. 1488678400 IN.

0. 1636878400 IN.

0. 2063800 IN,

0.208333+00 N,

0.2500006400 IN,

02500006400 IN,

0. 2916478400 IN,

(Continued)




NIOE MMGER s @ DIGTANCE FROM EURFACE =
CONDUCTOR MPEER = 8

GRUCTIRE TYE = 7 ABLATOR.GUOLINER
MYERIA. 1§ » B-5T0, CORK
KOO RMBER = 9 DISTANCE FROM GURPACE o
NDCWNOER ® 6 DIGTANCE FROM GURFACE
CODUTR WMIER = 9
PRETRETWE » 7 AGLATOR SUILINGN
MTERIAL 1 = B~8Y0,CORK ‘
NOOE NMBER = 10 DISTANCE FROM GURFACE o
NODE WIGER s 10 DIGTANCE FROM BURFACE =
CODUCIOR WMEER = 10
GMUCTRETYIE » 7 AGLATOR SUOLINER
MTERIAL § » B90,0000
MOOE MMOER » 11 DISTAMCE FROM GURFACE o
MIDE WMEER » 11 DISTANCE PROM GURFACE =
CODKTOR WMBER = 11
SRUCTURE TYPE = 7 ABLATOR GUBLIMEN
MTERIAL | = B-510.000K
NODE MMBER s 12 DISTANCE FROM GURFACE »
MIOE WEER = 12 DISTANCE FAODN SIRFACE =

CONDUCTOR NUNBER = 12
STRCTWRE TYPE = 7 ABLATOR SUBLIMER
MTERIAL 1 = B-5T0.00R

NODE MMBER = 13 DISTANCE FROM GURFACE =

NOOE NMBER = 13 DISTANCE FROM SURFACE =

CONDUCTOR MUNBER = {3
STRUCTURE TYPE = 7 ADLATOR SUBLIMER
NATERIAL 1 » B-51G.C0RK

NIDE MRBER = 14 DIGTANCE FROM SURFACE w

NIE NMBER » 14 DISTANCE FRON SURFACE =
CRDUCTOR MMBER = 14
STRICTURE TYPE = 7 ASLATOR GUBLINER
MATERIAL 1 = B-57G.CORK

NIDE WUMSER = 15 DISTAKCE FROM SURFICE =

O0EMMGER « 19 DISTAMCE FRON GURENCE «
CNDIKTER MMGER = 19
GRKTRE TPE = 7 ABLATOR SUBLINER
MTERIAL 1 » §-570.COM

NE NMBER = 16

DISTANCE FROM SURFACE »

Table 6.1
106

0,29168T800 IN,

0. J3TZ3;00 1N,

0, JITXIA00 1N,

0.3750006+00 IN.

0:375000€¢00 IN.

04186678400 N,

0. A6LLTECO0 IN,

0.458333400 M,

0.49833%«00 IN,

0,5000006+00 N,

0.500000E+00 IN,

0. 9416676400 IN,

0.34184TE+00 IN,

0, 583K +00 1N,

0, 50TTE00 IN,

0,62%000€+00 IN.

(Continued)
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MODE MACER = 14 DIGTANCE FROM GURFACE = 0,5250008+00 IN,
CONDCTR BY 2w g
ETRCTIRE TiPs w7 ABLAYOR BUBLIMER
NIDE WNGER = §7 DISTANGE FRON SURFACE = 0, 600857540 IN,
MI0E WMBER » 17 OIGTANCE FROM GURFACE = 0.465587E400 IN,
CONDUCTOR s {7
ETRUCTURE TYPE &« 7 ABLATOR SUBLIMR
MATERIAL 1 = B-8TU.CORK
NOOE NUMBER « {8 DISTANCE FROM SURFACE » 0, 7023348600 IN,
NODE NUMBEN ¢ 18 DISTANCE FROM SURFACE » 0, 7083348400 IN,
CODULTIR MMaER « 10
STRUCTURE TYPE = 7 ABLATOR SUBLINER
MATERIAL { = B-810.C0RK
NODE “UMBFR & 49 DISTANCE FROM SURFACE = 0,750000E¢00 IN,
NODE NUGBER = 19 DISTANCE FHOM SURFACE « 4, 7500008400 IN,
CONDUCTOR WMMBER » 19 ‘
STRUCTRE TYPE & 7 ABLATOR SUBLIMR
WATERIAL 1 = B-810.CORK
NODE MMBER = 20 DISTANCE FROM SURFACE = 0,7018678¢00 IN,
NODE NOMGBER & 20 DISTANCE FROM SURFALE =  0,7914472400 IN.
CONUCTOR MMBER = 20 '
STRUCTWIE TYPE = 7 ABLATOR SUBLINER
umm t - '.m‘m
NDE MMBER = 2 DISTANCE FROM BURFACE =  0.8372UE«0D IN,
WIDE NMBER 2 DISTANCE FROM SURFACE =  0,633334E+00 IN,
CONDUCTOR NMBER = 3
STUCTURE TYPE = 7 ABLATOR SUBLIMER
MATERIAL 1 = B-870.CORK
NDE NS = 22 DISTANCE FRON SURFACE =  0,875000E400 IN.
NODE MMBER = 29 DISTANCE FROM SURFACE «  0,B73000E+00 IN.
CONDUCTOR NNMBER ¢ 22
STRUCTURE TYPE = 7 ABLATOR SUBLiMER
MATERIAL 1 = B-Std.COM
NIDE NNBER s D3 DISTANCE FROM SURFACE =  0,918647E400 IN,
NOE MMSER = 03 DISTANCE FRIM SURFACE = 0,910847E¢D0 IN,
CODUCTOR WIBER = 23
STRCRE TYPE = 7 ABLATOR wubLiMEm
MATERIAL 1 = B-5TD.CoRK
WMEER = DISTANCE FROM SURKACE =  0,95334E400 IN,
Table 6,1 (Continued)
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ol S | @

. < : ORIGINAL PAET 1
mmm Ho o;gwce FROM BURFACE & 0,9383348400 IN, OF FOOR QUALITY
STRUCTIRE TYE ¢ 7 ASLATOR SUBLINER
MTERIAL 1 » B-570,00M

MMEER » 25 DISTANCE FRON SURFACE = 0,1000006+01 IN,

NODE WMBER s 28 DIETANCE FROM SURFACE = 0, 100000€+01 IN,
CONDKTOR MMBER » 28
STRCRRE TYPE = 3 RADIATION W
MTERIAL { = CTD,COLUND
MTERIAL 2 » AL.7078-T6

NODE NMBER = 24 DISTANCE FROM SUREACE = 0, 250000€+01 IN,

NODE NMNBER & 24 DISTANCE FROM SURFACE = 0,290000€+01 IN,
CODUCTOR WIBER = 24

STRCTWRE TYPE = & THIN SXIN
MATERIAL 1 = AL,7075-14
NDE NMBER = 27 DISTAMCE FROM SURFACE =  0,260000€401 1N,

NIDE WUNBER = 27 DISTANCE FOM SURFACE = 0,280000E401 IN,
CONDUCTOR MMGER = 27

SRUATIRE TWE & & 1 STANE
MIERIAL 1 = INCONL 17
MTERIAL 2 = CTD,COLUNS
MTERIAL 3 = AL,J075-Th

NODE NMBER = g8 DISTANCE FROM SURFALE @ 0,480000E+01 IN,

Table 6.1 (Continued)
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<
N .
L
N
[ ]
L4

1THIG 18 THE CONFICURATION FOR BIDY PT, 3

s |, ((FesEas AR TS SRR SRR S TS S SA SN SRR SRR

.0
30
40
s 0
6 0
7.0
éd
%0
10, 0
1. 0
12, 0
g. g B-STG.CORR  ABLATOR SUBLINER
1. 0
16, 0
17. 0
18, 0
19. 0
€0
2.0
&t
&0
au0

w23,

[ 3
-
f
=
-

RADIATION GAP 1.

”.‘“g.‘““
oo
=
®

0.100000 tﬁ. &..7075-T6

.mm mm suu T 0,300000 I,

0. 140000 I, INCONL 617 T
nny T |
: 1AL 2 SO 2.000000 1,
fm -

” 0.180000 IN. C1D.COLUG
sz, (ressssusiesszmmsizususessxsiimsssssaarEEsEEREREEERRS

Table 6.1  (Continued)
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T e e mn T R T EeA

s s Loy S
S

ey T

i
Y

MEs AN tIEETE.
INTECRATED 1EAT

/BT

COWELTED 0.0

RADIATED 0.0

T LO 0.0
SYORED 0.0

QL 1D 0.0

AVELTED 0.0

5 1Y 0.0
SUREACE RECESSION

DISTAME  0.00000 IN.,

TEPEIATURE 06D £ |

f 0= 100000 T 20e 00,000
How 100000 T s 100,000

T 11)= 100,000
T fb)e 100,000

T( 171= 100,000

0,00000 N0, OF STEPE » 0
HEAT RATES
lW/BG.ﬂ'"SEC
CONECTED 0.0
RADIATED 0.0
NET LOAD 0.0
prie 0.0
SUBLIMED 0.0
ADVECTED 0.0
P8 NEY 0.0
RECESSION RATE  0,00000 IN/8EC
T s 100,000 T #)= 100,000
TC 6)= 100,000 TC $= 100,000

Tt 13)e 100,000
14 18)= 100,000

T 14)e 100,000
T 1912 100,000

Tatie 100,000  TOz0e 100,000 PO 26 100.000 T( 243s 10,000
T2 100,00  TOZ0=100.000 T 28)= 100,000

NIDE POSITION INCHES

I fe 000 KK e 004 KX N 008 It Me 0428
B 6= 0208 M Tie 020 XN G= 042 XK f= 0.20
Uille 0.7 Mx(i2e 0MSE WMC 4D 0800 XX( d41= O.842
X the OB MXCIT)s 007 XKCiBle 0.8 NN 19e 0.7%
UCBIe 0.8% M(2e 067  RMeBe 0917  xx s 0.9%
Mook 280 K 2800 XX = 4,800

TEe 00,0000 THESEP= 20209 M), OF GHYS ®
INTESRATED HEAT HEAT RATES

BIV/S.FT $1V/80.F1-gkc

COWECTED 8.4 COMENT 0.9

RADIAYED 3.8 RADIATED 0.4

Nt LR 1.9 NET LOAD 0.
) 1.3 $HRED 0.2

&L InED 0.0 SLINED 0.0

ADVECTED 0.0 AVECTED 0.0

5 Nt 1.3 198 NET 0.2
SURFACE RECESSTON

BISTANE 000000 IN. RECESSION RATE 000000 1h/et
TENPERATURE 0D

Tt e it AT T b (2390
T &1 106400 T M= 10416 tC Gie {014 9)e 100.429

Tt 11)6 100,008
T 161 100,000
T¢ 21)= 100,000
Tt 2b)s 160,000

Tt 12)= 100,034
YO {71 180,000
T &)= 100,000
T 27 160,000

T 13)« 100,014
t‘ ﬂ)' 1“.050
TC 8)e 100,000

Table 6.1
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i td)= 100,003
Tt 19)= 100,000
T¢ 24)= 108,000

(Conitinued)

®

ORIGHVAL (4, Gia
OF POOR QUALITY

1 Shx 100,000
TL 10)= 100,000
T( 19)e 100,000
T( 2= 100,000
T 2510 100,000

n s
Xt 10)e
Mt 19
1 0
1K 2=

0.187
0.3
0.983
0.2
1.000

TC e 112,50
Tt 10)= 100,283
T 180 100,004
10 201= 100,000
T 2= 100,000
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RIDE POSTTION INCHES

R 1= 0,000 i 2= 0,082
i ths 07 X 1d)s 0,45
(141w 0,608 R iNe 0,887
M 2ie 0,68 K 2. 0,608
f( fbje 3,500 X(ans= 2,600
TIEs= 20000000 TIEBYEP
INTEGRATED HEAT

§TU/80.F1

CONECTED 0.2

RADIATED .0

NET LDAD 8.2
gtored %.2

SUsLIED 0.0

ADVECTED 0.0

TP NET 9.2
SURFACE RECESSION
DISTAME  0.00000 IN,

TEPERATURE 0€D ¢

T 1e 438,943 T e 420,004
T &)= 140577 T N 128,208

T 1)e 102,95
H 16)= 100,102

10 12)= 101,599
T 17)= 100,048

L 21)s 100,002 TC )= 160,001
T( 26)% 100,000 T 2= 160,000
NOE POSITION INCHES

e 1e 0,000 m NHe 0,082
m &= 0,208 = 0.2%
e 1ie 0,447 8 12je 0,458
N fh)e 0,628 XX {7)e 0,087
Kl A= 0,88 0 @e 0,879
1l )= 2,500 s 2,800
THE =  300.00000  TINE STEP =
INTERATED HEAT

BYU/80.F1

CovedTED 0.

RADIATED 104.4

(T LOAD 24.0
STORED 103.6

SUBLINED 101.3

AVECTED 0.9

5 Nt 208.0

N =

0.083
e 8l 0.2
0,50

{0

K¢ 8= 0,708

Kt 8w
(1

HEAT RATES
TU/64.FT-BEC

CONELTED
RADIATED
NET LOAD
§TORED
SUBLINED
AVECTED
194 Net

RECESSION RATE

T 3= 507,811
T 8)s 118,938
T 3)v 100,837
T 18)= 100,022

K d)s
5 e
M 14)n
K¢ 19)s
I =

0.4%% N0, OF ETEPE = ®

0.4

0.542
0.7%
0.9%

{11
i 10)=
X 18)m
X 20)»
I 28w

0,167
0.7
0,583
0.m
1,000

ORIGINAL PAGE 18
OF POOR QUALITY

1.3
0.4

0.7
0.0
0.0

0.7

0.7

0.00000 1n/EC

10 &)= 229,010
TC s 109,504
T 14)= 100,428
Tt 19)s 100.009

T Si= 178,90
¥ 10)= 109,358
T 18 100,912
H 2= 100,004
T 51 100,000

Tt Lhe 100,000 Tt 415 $00,000
T 8= 100,000
e 3= 0,083 Lt 4y 6,108
Mt 8= 0,29 e 9= 0,310
e 13 0,500 e {4 0,842
X 8= 0,708 I 19)s 0,750
Xt 81s 4,000
1.47916 NO. OF STEPE » a5
HEAT RATES
BTU/B4.F1-88C
COMECTED 3.2
RASIATED b6
NET LOAD 2.4
STORED 0.4
SUBLINED 2.0
ANECTED 0.0
P8 NEt 2.4
Table 6.1  (Contfhued)
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% e
IXt 101a
5 18)e
X 0)e
3 e

e s i s - s

0.167

0.97 |
0.384 ,
0.797 ' !
1,000 o
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“y ORIGINAL PACE [

T( &= 248,081

T dis 447,45

T( 18)s 101,284

T4 12w 110,648
T 17 100,709

T aiw 187,81t
T §3)m 106,39
T¢ 18n 100,350

T( 918 144,00
T s 03,77
YO 191w 100.212

T 1008 {29,091
YU 18)w 102,104
T 201e 100,113

| QUALITY
" GURFACE. RECEBSION | OF POOR

o DEAGE 0004 1, RECESSION RATE 000008 IN/6EC

B No0e 78000 T e T DEMBAM T M SBAE T Sie o080

T( 26)s 100,000 1 27)» 100,000 T 28)e 100,000

NODE POSITION INCHES

I 4)e 0,008 Xt s 0,004 M 3 0,083 M d« 0,128 D 8¢ §,487
X 4 0,208 0e Ne 0,29 K 8= 0,202 K s 0,38 XXt 10)e 0,379

N its 0,447
10 2= (.80

Wi e 0,45
N 4N= 0,687
(2= 0.878

X {81 0,700
R 0.0

s 0,942
(191 0,780
¢ 24is 0,958

0 e0e 0,792
I 8= 1,000

B2 290 xxtane 2,600 XX e 4.800
TINE®  400.0000 TIESTEP= {03531  ND. OF OTEPS » 120 i
INTERATED HEAT HEAT RATES ‘
) BI/50.ET BTU/80, FT-8E0
= COWELTED .2 COWELTED 4. ;
J RADIATED 1674 RADIATED 0.8 ?
= NET LOAD 5031 NET LOAD 2.4 ;
- ST0RED 13,9 STRED 0.3 /
£ SUBLINED M8 SUBLINED 3.0
ADVECTED 2.6 AVECTED 0.0
5 T 3.1 18 NET 3.4
) SUREACE RECEDSION |
| DISTARE  0.02088 IN. RECESSION RATE  0.00018 IN/gEC P
TENPERATURE DED F . o
’ Y 1= 760,400 T D= 42,450 H e 929,204 T 4= 448,181 T Sim 3102 o

W &)= 318,520
T A1) 147,45

T 7)e 208,019
T 12)= 132,113

H 8 28,438
T 13 122,104

T 9= 183,107
T 14)s 114,700

T §0 187,40
TC 81 100,973

: TOtle 106,090 TC17ie 0307 TO4s 10237 TCi%ls 101668 10 B3ie 100 by f
T 811 100,508 1 2)e 100,291 H 2 100,180 T 20)e 100,0% 10 2% 100,020
> WODE POSITION fNCHES L
o MG 0K X 7e 0% XN G 0.9 KK S 0.38 N t0)e .39 Do
~ HUihe 0.M7  xtifie 0.4%  Xiide 050  IX(Me 082 ANl (he 0.8
= WUtele 0.685  MX(17e 0.7  MEBle 0908  aX(19e 0780  W( M= 0.7
} XXt 8t)e 0,88 n 2= 0,878 M R= 0,917 2= 0.9% neMs 1,000 .
- el 800 MO 280 M M. 4,60
‘ Table 6.1 (Contihued)
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TIRE «  500,0000  TIME BTEP
INTEGRATED MEAY

§1U/6a.FT

CONVECTED 1100.4

RADIATED 196

MET LOD 930.8
STORED 8.9

SUBLINED 643.1

P8 NET 6.6
SURFACE RECESSION

DISTANCE  0.0%72 1w,
TENPERATURE DES ¢

W 1) 740,400 T 2)e 489,800

10 &) 320,50
T 11)e 180,683
T 16)e 118,072

T 7= 39,44
Tt 121 160,383
T AN= 114,089

T 31w 102,138 T 2= 101,38
Tt 26)= 100,000 T 2= 100,000
NODE POBITION INCHES

= 0,08 XXt 2= 0,084
It &= 0,208 m N 0.2%
M fe 0,417 e i 0458
e do)e 0,429 N iN= 0,087
Xt ) 2,500 e 2,600
THE = 400,00000  TIME SUEP »
INTEDRATED MEAT

BIU/80.FT

COMVECTED 1904.3

RADIATED kR

T LOAD 1199
SYORED 190.2

SUBLINED 962.3

ADVECTED 44

P8 NET 11%.9
SURFACE RECESSION

DleThet 008222 N,

TOPERAURE DT £

T 1)= 760,400 H D= 734,63
T dhe 414,89 T 1= 3080
T 11y 212,564 Tt D)= 186,438
T 161 1,57 T 1he 121,78
Tt A1) 108,494 T 2= 103,694
T 2b)e 100,000 Tt 2t1e 100,000

0,73% WO, OF GTEPG « 165

REAT RATEH
§TU/E0, FT-teC

CONVECTED
RADIATED
T LOAD
STORED
SUBL1KED
ADVECTED
P8 NET

RECESSION RATE

TE 3 598,048
TC 81w 2474
1 131 144,424
Tt 18 107,830
T 2% 100,800
Tt 28)s 100,000

X 3 0,083
ne 8= 0,292
£ 13 0,500
10 18 0,708
(W)= 4,800

3
0.8
3.3
0.3
3.0
00
4.3
0.00014 IN/SEC
T A= 802,372

TC e 237,242
1 14)s 132,173
Tt 191 108,052
T 24)s 100,42

(T
I3 M=
L5 144
Xt 190
150 240

0.183
0,333
0.542
0.7%
0.958

044771 WO, OF ETEPS « L1}

HEAT RATES
§Tu/80.F1-580

CONECTED
RADIATED
MET LOAD
STORED
SUBL kD
ADVECTED
P8 NET

RECESBION RATE

T e 680,931
T 8is 318,170
T 13)e 168,590
T 2 02,384
T 2= 100,000

Table 6.1
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44
0.6

0.3
3.0
0.0

3.2

3.2

0.00017 tN/GeL

T &)= 850,040
T 9)e 378,504
1A= 152,57
T 19)s 111,803
H 3= 101,38

(Continuad)

ORIGINAL PAGR 1
OF POOR QUALITY

T $)% 429,213
T 101= 204,047
T ) 103,37
T &5e 100,144

0 $e
n 10
e 18
Xt 20)s
X 28)e

0.167
0.371%
0,583
0.7

1.000

T 81 47348
T 10)s M1.4%9
1 181s 139,670
T 20)= 107,684
1t Bi= 100,57




HODE POSITION INCHES

Xt = 0,08 e s 0,08 e s 0,083 ne 4w
nts b4 H{IL IR s 0,%0 £ {0
1 14im 0,825 K( 17 0,887 10 18)s 0,708 K¢ 19)e
I 2 0,833 ni s 0,678 M 0,987 I 24w
NODE OROPPED) FROM SVELIMER-ASLATOR MODEL

ITHIE 18 THE CONFLOURATION FOR BODY PT. 3

ik {, Jodoiorstomencatis ren s EAEA S ST G R A R S KRN S SR RS S
.0
3.0
“0
8, 0
6 0
.0
80
9.0
10. 0
1. 0
12, 0 |
3. 0 b JT6.CORK  ABLATOR SUBLIMER  0,945294 IN,
.0
18, 0
16, 0
i7. 8
18. 0
9.0
2.0
1.0
2.0
a0
wiadf, (eeoeszeo:

----~,~l

0.125000 IN. o

g Gmy. l Gu. Pul Suf pmp Snef P Sl Pvg ol Pud

|
RADIATION 04P 1.:00000 IN.

0.429
0.3
0,542
0.7%
0.9%

0 8s 0,18
(100 0,47
N ihe 0,58
2% 1,00

ORIGINAL e 10n
OF POOR QUALITY

®

@

' t
=)y, (resmasvresanizyssasssaasasEEE  ORERRSEENCEERRESREDE e ‘
AL.T0TSTH  THIN BKIN 0.300000 N, ‘,
-2‘. " e ——— v—— '
0.140000 IN. INCONL 417 g .
wt it ; ¥
; I AT T et 20000 1K ;
iim it % y
ot
6.160000 N, C1D.cELUMy ! i
507, (hrerenassrnsenstassat CEASERERRR ANSETROONE SERNRRERENS e !
)
Table 6.1 (Contfiued) }
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ORIGINAL PAGE i3
OF POOR QUALITY

THES 70000000 TREGIEP s OAE® MO, OF STEPEs 3
INTEGRATED HEAT HEAY RATES
BV/Ba.FY §1Urel, Ft-gee
COVELTED 1978.8 COMECTED 8,8
RADIATED Ad.4 RADIATED 0.8
5 KT LOAD 1M43,7 NET LOAD 5.0
STORED 24,8 STORED 0.2
aLbED 123.4 SuBLINED %]
NVECTRS 8.8 AVECTED 0.0
194 Nt 194,7 8 NET 8.0
GRFACE RECESSION
DISTAKE  0.07319 IN, RECEBSION RATE  0,00020 IN/geC
. TEPIRATIRE DED F
00760400 T De AR T NP T A0 1L Sis 490N

T Al 98,113
T 11w 219,415

T 7is 3%0.189
T( 1218 192,687

T 8)s 309,204
T 13)s "N.M2

H 9 273,413
T 14)e 187,877

T 10)s 242,208
Tt 18)n 144,984

g 1 18)s 134,987 T A7e 128,247 H 18)® 139,874 T 19 114,92 Tt 200 110,53

~ TC 2l)s 107,04 T 2= 105,00 Tt 2= 103,418 TC 21w 101,547 T¢ 231 100,000

= 1L 28)s 100,000 T e 100,000

= NOOE POSITION TNCHES

= M e 0,07 e 2= 0,089 w e 0.4 e Ms 0,167 m S 0,200

3" nme A 0.5% ue N= 0.2 " e= 0,39 ne 9 0378 m 10= 0,447 :
5 1 1t)e 0,458 e 12=  0.50 I( §3e  0.542 20 14)= 058 18 0.4 i
=4 e {6 0,487 ¢ i7s 0,708 e 0.7% w0792 I 0 0,80 ¥
= i s 087 2= 0517 e 2e 0.9 £ 26he 1,000 e 290 2,90 :
3 1 ) 2,800 2 4,800

=

e WIDE DROPPED FROM SUBLINER-ABLATOR MODEL |
"y ' :
3 '=
§: ;
|
e |
b !
5t ,
¥ i
3 l
- A
3
o .
Table 6.1  (Continhued) )
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ITHIG 18 THE CONFIGURATION FOR BODY PT, g

ORIGINAL, PALI &
OF POOR QUALITY

I

{

§ 0 !

i

[

!

:

i, 0 !
12, 0 B-8TU.CORK  ABLATOR SUBLIMER  0.916197 N,

!

!

1

!

{

18, 0 1

I

1

1

!

=, &m&mw ————
0.125000 IN. CTD.EOLMB

i

' i
RADIAT1ON 0P 1.:;00000 N,

t

0.100000 IN. AL.7073-Té 1

AL.7078-T6  THIN SKIN 0.300000 IN,
=)y, OQMWWMQ ——

0.140000 IN. INCONL 417 !
tunu uun {
§ : ALTO78T6 1 BTANDOFF 2.300000 IN,
%ZZ!ZZ %zzzzz 2
P 0.160000 IN. CTD,coLUMB _L

Table 6,1 (Continued)
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T 26 100,000

WD POSITION INCHES

me s 0.412 e e 0% e ds 0,187 n A=
w s 0092 w Ne 0,30 X 8= 0.3 n s
fxl 4fe 0,800 1 fde 0.9 e 13 0,583 e 14le
XX 16 0,708 1wt 1ns 0,750 Xa( t8ls 0,792 LD
i e Q917 A g 0,988 e B 1,00 K e

TR TILIR

Table 6.1  (Continued)

097308 N0, OF GTERG » "
HEAT RATES
IW/B&F"'GSC
TED CONVECTED 12,0
RADIATED RADIATED 0.0
MET LOWD 7. Y LOAD 1.2
gTORED .0 GTORED 0.3
. SVELINEN Had GUBL1NED 10,9
o 8.7 AVECTED 0.0
o WY amma ThE NCT 1.
GURFACE RECESSION |
DISTAWE  0.111%1 1N, RECESSION RATE 000039 IN/BEC
TEIPERATURE DEC F
1 {)m 760,400 T e 473,708 T s 574,7% 1 4w 493,309

T b)s 380,468 t e 0.7 T 8)e 303,08 T 9= 249,92
T 411 214,076 T 12s 194,68 T( {3)s 176,528 T( 1) 141,249
T 16 138,099 T 17 189,522 T4 18)s 122,981 11 19)s 116,988
T 21s 108,777 T s 103,77 t A)e 103,249 T 24)e 100,002

0.208
0.417
0.2
0.633
.50

QRIGHIAL, Py iy
OF POOR QUALITY

Tt 90 432,302
T( 401w 201 048
{180 148,969
Tt 200 112,000
10 29)s 100,002

I Y
3 (LD
10( 19)e
it M=
e a)e

0.4%
0.4%8
0,687
0.07%

2.600

A

— mn - e e i n e —




(;;3 {2)

NODE. DROPPED FRON RUBLINER-ABLATOR MUREL R P
OF POOR QUALIYY

{THIG 18 THE CONFIGURATION FOR BODY PT. 3

l

sm |, (5 TS Y BT SR R NSNS EABR SRRSO
ad
30
“0
%0
6 0
7.0
6 0
%0
10. 0
.0 ‘

13. 0

140

15, 0

16, 0

i 0

9148 IN. |

oug Gub Gup. Sud Gu. o Sve o-c.og“-.“-—.——'.-—.-.o—

e = .

0.129000 N, CTD.COLUME

RADIATION GAP 1

ﬂ“”g“”"
o
-

0.100000 1N, AL.707%-T6 -
ALJO7S-TA  THIN SXIN 0,300000 IN, ;o

undl, (orsscrsaint i mnE AR R ISR CEENES SRR AR SRSEORRBERR semenmn

0.140000 N, INCONL 817 t |

zzmg tzzzz; | 3 !

| 1 1 ALOTSTE 2 STANDOFF 2,000000 IN,

um mm : o

s g 180 B, e i §
: NI (ROPPED FRON UBLIMER-ABLATR MODKL
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ITHIG 16 THE CONFICURATION FOR BOOY PY, 3

el |, @umsmnmnnnsummthm;
a0
ah

40
. 8, 0
6 0
1
60
. o
:g. g -STU.CORK  ABLATOR GUDLIMER  0.298109 IN,

3. 0

1.0

15, ¢

6. 0

1. 0

18, 0

9.0

N0
smji, (roxsrccazsnsesrasssnnsezsssisn
o.‘m x”a cm.mm

ORIGINAT, P 1y
OF POOR QUALITY

SV

' =D Gug Guk Sl PuG Pug. Gul) guy, GuS-

RADIATION GAP 1,500000 IN,

"-§-~

©0.100000 IN, AL,7078-T

AL7079-T6  THIN SXIN 0.300000 tN.
xR MWW: —

0.140000 IN, INCONL 417

=222, (e

{
mzz; zz'm: i
1 T AJOMTS 1 stee 2,000000 1N, :
i i ! f
0.160000 N, 10, LOLONS f :

=), o"'_'ﬂ—_-u-—.——m.
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ORIGINAL Al [y

TIE = 90000000  TINE ETEP = 0,06180 MO, OF. GTEPD m OF POOR QUALITY
INVEGRATED HEAY HEAT RATER

BTU/80.FT Tv/B0.F1-GEC

CONVECTED 430,14 COWECTFD 3

RADIATED 0.8 RADIATED 0.8

K1 LA 88,4 NET LOAD 1.8

BT0RED ang GTRED 04

SILINED .9 SUBLIRED 16,0

ADVECTED 159 AMVECTED 0.1

8 T 8.6 TP NET 18,8

GURFACE RESESSION

DISTMKE  0,19202 [N, RECEBSION RATE  0,00080 IN/BEC

TENPERATURE DEC F

T 11w 760,400 T( 2w 639,981 TC 3)s 882,908 T 4)e 40,154 T 4= 390,448
T &)m 337,984 T = 29,07 T B)s 267,45 1 9 29,478 T 10)e 215,837

T 1110 199,449
Tt 16)m 131,473
T{ 2i)= 105,780

T 12 177,009
T Q)= 100,007

T{ 18)= 118,479

T{ {4)e 190,784
T 19 113,504
T 2h)s 100,000

T( 18)e 140,39¢
T 20)= {09,332

HIDE POSITION INCHER
e e 0,192 e s 0,204 e s 0,2 K de 0,8 ne e 050
(&) 0,978 i Ne 0447 e 8l 0,45 e 91e 0,90 10 0.942
Xt 1= 0,583 X 12w 0,828 N1 0,087 1t $4)m 3708 18 0,

H{MUILIN | X ine 0,83 K¢ 161 0,879 KK 190 0,047 e s o,
K¢ 21)a 4,000 5 Qs 2,30 u e 2,800 KXt 2402 4,000

22

NODE DROPPED FROM SUBLIMER-ABLATOR MUDEL
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ITHIE 18 THE CONFIDURATION FOR BODY PT, 3

1 ———— o
- g: 0 ) ORIGINAL pryc.r; [y ;

2. F POOR QuaLTy
&,
s
'
7

..........‘.‘.......i

. 0 B-STU.CORK  ABLATOR MUBLIMER  0,7624%8 IN,

[
~8
-
[ -3

I g S Pm Sup Sug G S8 P

RADIATION GAP

—
-

-M§~F‘“
>

0.100000 IN. AL,7078-T4

¥

AL TOTS-T6  THIN BKIN 0.300000 IN, ;

n”‘ shifcdscrenideenestanrararresiitrennbieesii nncrne: ——— l\
0.140000 IN, INCONL 817 g 5

mu; uzzzg { g

; % ALOTHTS T STANDORE a.ctmoo N, f

imn unun : i
0.180000 1N, t1D.COLUND 1 ;

«xs' o e R A S NS S P S T RN RN R T IR a—— |

NODE OROPPED FROM SUBLIMER-ABLATOR MODEL
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LTHIS 16 THE CONFICURATION FOR 800V Pf, 2 ORIGINAL PACE N
v |, Gesenemerasesrenss ) _ ] OF POOR QUALITY |
30
3 0
.0
s 0
b 0
70
o
19, 0  BSIGORK  ABLATOR DVBLIER o,
i, 0
2, 0
{3, 0
14, 0
i, 0
™
7, 0
18, 0

s ), (oottonetn

Pup pup Sug. Pl =G Pup. D@ Pus. '

~3

41394 IN,

I = Sup g Puf Suf Py SuE. ey

0.128000 I, €TD.00LND

RADIATION GAP 1,

f —
=
-

0.100000 IN. AL.707%-T4

_ mzo. . etygeoal il it eprierihalnt v eri st s ovn——
AL 707516 THIN BXIN 0.300000 IN, ;
‘-210 R e sk g iy e S ey ot g g ey e sy S e g g —— bl
0.140000 IN, INCONL 417 § A '
nun L 1 '
1 1 1 |
§ g AL 7075=Th 2 STANDOFF 2.000000 IN, C
! o
uunn unun ! :

|

0.180000 IN. CTD.COLUMB 1

sx2), (esssriciizemosessmsacusnnnitos sutmisnidt snunnEsingy  —ee

TINE = 100000000  TINE GTEP = 0.06152  NO, OF BTEPS » 1043

INTEGRATED MEAT HEAT RATER i
Bu/80.Ft 81U/80.FT-8£0 i
CONECTED 6113.4 CONVECTED 17.6 '
RADIATED 3.2 RADIATED 0.8 1
MET LOAD LR NET LOAD 36,7 l
10RED 39,2 BT0RED 0.9
SUBLIMED 50875 SUBLIeD 16,2

; ADVECTED A4 AVECTED 0.1

i S RET $432.1 P8 NEY 14,7

: Table 6.1 (Continued)
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> A J
@ i
- ORIGINAL PACT [t

OISINE  0.28137 I, RECEESION RATE  0,000G9 IN/GEC {
TOPDATRE 060 F

T 1% 760,400 TC 2w 44,619 T( )= 813,908 T &) 420,801 10 $is 358,021
T 6 310,60 T 7w 273,009 T 81« 243,600 T 6 217,5% T 10)w 198,701
. T i 179,20 T 12in 164,811 T( 13)= 159,110 TC 14)m $81,489 T( 191 132,842
T 21)s 100,014 T( &)= 100,000 !
DO POSITION INCHES '
" {0,281 It 2= 0.2W 0 e 0,93 e s 0,379 N Ss 0,417
’ I &) 0,458 e e 0,50 e 8 0,549 3 9s 0583 1 {0)s 0,628
XX 1) 0,687 (1= 0,708 X 13« 0,750 s 0,792 14 0,833
1( fe)s 0,678 e the 0,847 K¢ 18)s 0,958 XNC 199s 1,000 I Bs 2,500
i Ae 2,600 M ane 4,000

:'. NODE DROPPED FROM SUBLIMER-ABLATOR MODEL
E

]
)
, N
&ﬁ,}f o ,
, " " N E
L ‘ Table 6.1 (Continued) ' E ';
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|

1THIS 18 THE CONFIBURATION FOR.BODY T, 3

s {, D s s o A A AR SRS SEREEE  eee

i0
3.0
40
5.0
6 0
0
80
9.0

10. 0 B-ST0.CORK  ABLATOR SUBLINER
. 0
12, 0
13. 0
4.0
15, 0
18, 0
1. 0

0.125000 [N, C10.cOLNE

RADIATION AP

0.100000 IN. AL,7075-8

=%{8, cEzrztisezsorctarsinsrisnrtanuy
AL 70788 THIN SKIN

=), &mwwmwc

0.140000 IN. INCONL 417

nun unu
g : ALTO7S-T4 1 STANDOFF
gzmz :12212
0.180000 1N, CTD.COLUMD

=i, @mmmmm

NGIE DROPPED FROM SUBLIMER-ABLATOR MODEL

gn—."u““-—.n

Oc lu.

- Pl Gup , PN gt Gmf g OB Gup Ses

1.?00000 N

{
1

1

1

1
2,000000 IN,

Table 6.1 (Continued)

124

ORIGINAL PAGE [
OF POOR QUALITY




@

ITHIB 18 THE CONFICURATION FOR BOOY PT, 3
R o L e —

2,0 T ORIGINA +
h ! L PACE 3
L0 1 OF POOR QUALITY
N {
&0 {
7.0 |
8 0 | i
1'g. g B-ST0.CORK  ABLAYOR SUBLIMER 0.1;59035 N,
i1, 0 1
12,0 i
3.0 !
0 |
15. 0 14
16, 0 1
san], (tntexstesnbtinuse st aRuEiE eyt ErETRSRRCULENERNEE e
0.125000 IN. CTD.COLUMD 1
{
RADIATION GAP 1,500000 IN.
{
i
0.100000 M, AL.7079-T4 {
AL 7075-16  THIN SXIN 0.300000 IN.
0.140000 IN. INCONL 417 :
12121% um§ %
: % N.O7S-T6 T STANDOFY :.gooooo .
tutt uun :
O.IW mt ‘mom t

e s 110000000 TIESTEP= 039 N0 OF STEPE = 120

INTEGRATED HEAT HEAT RATES

STu/Ba.FT BTU/BA.FT-E

towelten 1118 conetTed 1.9

RADIATED 743.8 RADIATED 0.8

€t LoD &934,0 ‘ T LBAD 13.0

S10RED 3.7 STRED 0.4

BUsLTHED 8349,9 susL1ned 1.9

AVECTED .4 AVECTED 0.1

P8 &t 693.0 ™8 et 12.0

Table 6.1  (Continued)
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BURFME RECEBSION

DISTAKE  0,38047 N, RECESSION RATE
0ed £

TEPERATLRE

076080 10 BesBis T e 09,00
TSm0 T et e1e @m0
Wine 8708 10130 190019 1 130m 142,604

H 14)m 149,197 T 17w {13,428 T( 181« 100,002
NODE POSITION INGHES

BCfe 0%t e 00 x( 3w g4
WC Ge 082 mU e 08 mx( efs 0.4
MOl 0.7% X i2e 092 g de 0839
MOl 095 XMUiT 1000 KK ige 2,50

NODE OROPPED FROM SUBLIMER-ABLATOR MDEL

ITHIE 16 TIE COFIOURATION FOR BODYV PT, 4

0
a0
48
50
6 0
7.0
80
9.0 B-STB.CORK  ABLATOR SUBLIMER
10. 0

1.0

12, 8

13, 0

1, 0

15, 0

e

RADIATION AP

0.100000 IN, AL.7075-18
AL70TS-T6  THIN BXIN

B yrrrrp———

it i
g g AL 707816 7 STANDOSE
:zzm fmzz

0.160000 IN. cTh.coLums

«mif,

126

0,00080 IN/gen

T e 440,413
(T 201,990
T 14)e 123,518
Tl 19)= 100,032

I 4
X 9
1K 14)e
R( 19)e

.°
e G Sult Sug Pud Sl Puug Punp.

’ g Sl G Sl Sud Pumg.

(S
-
nnug.‘n”
o=
=
-

128 N,

0.4%
0,647
0.7
2,600

T0 8)e 304,900
T( 10)v 102,509
T( 19)n 129,75
T( 20f» 100,000

0 %« 0,30
KX 100 0,708
(18 0,017
0 Nis 4,000

ORIGINAL FAL: 1"
OF POCR QUALITY




2 - -
C ®
- |
b ’
i ORMGINAL PAC: 1. {
5 OF POOR QUALITY |
g TINE = (200,00000 . TINE BYEP«  O.06211 MO, OF GTEPG e 130 -
- INTEQRATED HEAT HEAT RATES o
e IV/SR.FY FYU/B0.F1-get |
i ‘l
SONVECTED 87410 COMVECTED 7.4 ;
. NET LOAD 7693, T LOAD 7.0
SUBLIED 7448 SUBLIMEY bb |
ADVECTED ¥ ADVECTED 0.0 |
™8 Kt 76%.0 4 et 7.0 .
BURFAE RECEBSION | | | ‘
DISTAKE  0.41182 IN, RECESEION RATE  0.000%0 IN/EEC
TENPERATRE D60 F | j
T 1m 260400 T 210809 T s 8B TC MR AR T 9s 20,002 |
ToEm3BAE T NeIAT N e ML N De 8T8 T( 100 169,905 1
TOAL0e 171,352 T 120s 196,687 TUASIe 14818 T 10e (HAZ T( {8) 125,957 o
W oib)e 118,718 T 17)s $00.04 T{ 18)= 100,054 T 19)= 100,002 b
f MIDE POSTTION INCHES ! i
£ ne s 0.2 e 2ie  0.42 M S 0.488 o4 0.50 e S 0.%42
I dle 053 M0 7 042  NX( Bl 0887 KX G 008 W(10)e 0.7
b il 072  MCids 068 A1 067 XX(fae 0917  fK(1%He 0.9%
. XXfsle L.000 MUATe 2500 MXCiB)e 2600 fX( {9l 4,800 |
Lo i
n |
b NIOE BROPPED FRUM SUSLINER-ABLATOR NODEL ;
§ ::
N :
] ~
|
¢! ‘.
1 !
' :
¥
3 |
f « S
g
H Teble 6.1  (Continued) i
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< S ®

1THIG I8 THE CONFIGURATION FOR BOODY.PY, 3

i
"

— ORIGINAL §éed I 1
2 [ OF POOR QUALITY, L
0 I
40 |
0 | ;
8 0 l by
7.0 l |
g.g B-ST0.CORK  ABLATOR SUBLINER 0.374676 N,
(]
10, 0. 1
.0 {
12. 0 [
3,0 |
4 0 !
eai{f, (emsthesssninitasticnshistaistississIEIER SUIIREIESNE e

0.12500 N, ¢10.coLUN ;

' 1
RADIATION GAP 1.200000 N i

' {

0.100000 IN, AL.7078-T4 1

ka]l, (resascnsennyresnianm sttetae s oL H R ATERE S  reite

o " ALTOTS-TH  THIN BKIN 0.200000 IN, 1

[y . R R R R R S S e AN R R e it aedi it a———— . i

0.140000 N, INCONL 617 t ,}

1 |

mn; mzz: | ; | ]

g L AT 2 BtwOE 2.00000 . N

unn Lun i .'

0.180000 IN. CTD.COLUNS { |

cx=ff}, &wmwm. ——— ‘ .‘

THE= 12000000 TIESIEP=  O7IMB MO, OF STEPS s (308 o

INTECRATED HEAT AT e ;o

EWM.FT ‘W’S@.ﬁ'ﬂc . i H

CONELTED 93,0 COWECTED X o

RADIATED 1.2 RADIATED 0.8 Lo

NET LOAD 8%1.8 T L0 2.8 , !

StoReD Mg S1RED 0. !

SUBL1MED 7909.9 oueL 1D 2.8 .

ADVECTED 4.8 ANVECTED 0.0 S
%8 NET 891, 16 et 3.2

Table 6.1  (Conttnhued)
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A

'
T

' j...

NP
4
»
Y

GURFACE RECERSION

DICTANGE  0,43745 N,

TOPERATURE DEG F

10 {1 750,400 T Qe 435,689

LI RY AT
T 16w 100,086

1 {2) 160,809
T 17 100,088

HODE POSITION INCHES
m s 04y M 2l 0,482
M b 0,488 e 7w 0.087

ni g6 2,54

5w 12e 0.8
W i7s 2,800

TE « (400,000  THE BTEP =
INTEGRATED HEAT

BTU/8A.FT

CONVECTED 9360.4

RADIATED 1013.9

WET LOAD 8346
STORED .2

SUBLIED 80979

AVECTED Q2.4

o8 ET 8949
SWIFAE RECESSION

DISTAME  0.84%3 IN,

TENPERATURE DED F

Tt 11s 760,400 T( 2= 491,848
T 4)s 368,004 T = 3.9

T( 1) 203,818

Tt 1bis 100,131
NIDE POSTTION INCHES
e = 0.44é
M sle 0,629
e 1ihe 0.8
I 14y 2,500

T f2)e 481,90
A7 100,191

Mme e 048
XXl 179s 2,600

INITIAL MASS = 0.63280  (LBN/BALFT.)

Y 2ie W52
T 6 394,806
T( 130w 147,00

m e 0,50
ne o= 0,708
Kl e 0,917

1 13s 163,72
¢ 188 100,010

e 3= 0,50
W el= 0,708
e 13 0,947
X (8= 4,800

Table 6.1

ORIGINAL PAGE (%

OF POOR QUALITY

RECEHBION RATE  0,00024 IN/EEC
T 6w 457,768
T 9)e 203,57
T (41w 135,474

1 8 391,67
Tl {0)e 198,309

1w o 0.0
w9 0.7%
Wi his  0.9%

e S« 0,58
e 15)s 1,000

02102 M0, OF GTEPE = 1474

HEAT RATES

‘TWBQ.FT-BEC

CONVECTED 1.2

RADIATED 0.8

NET LOAD 0.4

100D 0.2

susL1ned 0.1

ADVECTED 0.0

8 NET 0.4

RECESSION RATE  0.00008 IN/6EC
TU 3)= $96.817 T 4le 509654 TL 8)e M1.34
T 81 294,083 T 9= 20.0% T( 10)= 229,413

Tt 4)e 148,292 T( 19)e 139,00

He G= 0942
m 9= 0.7%
1 tais 0,998

e He 0,598
4 {§ 10)s 0.792
e 18= 1,000

®

(Concluded)
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f  MWare 0.000  YETOP 4  1450.000  TINPT e 400,000 @ {
o . 10,000 68 = a0 YL . 0,000 BET = 0,50 S
K. { - Y TP = 3000 IPFLAG = :

1 TABLES

MIIMM TOPERATURE 2300.40 DEG F
TeP, pEsITY _ |
(DE8 F) (LBM/CUFT) ORIGINAL PACS

OF POOR QUALITY |
-0.499&% 0.10‘“’03 |

0.9540E408  0.1040E403

TEW, SPECIFIC HEAT
(DEG F)  (BTU/LEM-DED F)

<0.A9%EH00  0.13006400
<0. 496403 0,15008400
0. 1496403 0,17006600
0.4000E+00  0,1900E+00
0.25EQ3  0.210Ee00
0.50048403  0.2000€+00
0.10006¢04  0.2850E¢00
0.8000E04  0.3450€+00
0.3000E¢04  0.3900E+00

o ML e gt it on aiengt Cubuintnt oo hy' Sasic bl ondht Sl AR SR

TOP.  CONDKTIVITY -
: (K F)  (BU/FT-6-060 F)

I 0.4BENY 0, 1181E-00 .
i 000003 0.1161E-0) .
i D A0ERS 0,106

T

O.M00EW0 0, 13804 o
: 0.0MEK3 0. 1820600 -
ih O.MV@ 0. 16703 ' !
i 0.10ME04 0. 1903 - :
O.0NEKA 0. 20005 :
2 0.00EWMH 0,378 “
[' e, ey S
g 0 F)  (DIENGION.ESS) - -
o ddmean 0050w ;;
;o 0.9540EW0 0.8%006+00 ;
g
b L1900 - MATND. 9

Table 6.2  Output For Exafiple Case Two (Table 5.9)
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FAYIMUN TEMPERATURE

T,
(BEG F)

<D, 4
» O.Wm

B,
(DED F)
0. 45048403
0. 249403
0. 1496E 403
0, 4000E 00
0.2004E403
0.5004E+03
0. 1000€ 04
0.1500€+04
0.5750€404
0, 20008 +04

DENSITY
(LBH/CU.FT)

0., 9000E+01
0. 90006401

300,40 OEG F

BPECIFIC MEAY

{BTU/LBN-DED

0. 7000801
0. 7000601
0, 10%0€+00
0. 1300E+00
0. 21006400
0. 23208400
0. 2880€+00
0.30006+00
030308000
0. 30306400

F)

COOUCtIVETY
(BTV/FT-5-DEC F)

TEN,  PRESSURE (LB/SA.FT)

(0&3 F)

0.459E 401
4, 2496 40
0.4000€+00
02504400
0. 5004E 40
0. 7504400
0.1000€+04
0. E56€ 404
0. 300€ +04
0. 17506404
0.2000€ 104
0, 2300604
0. 2500 +04
020005404
0,3000E+04

4 mo
(DEB F)

~0.499¢8400
0. 9340E+04

0.00

0.1389E-08
0.1389%-03
0. 208205
0.289%-09
0, 3472-05
0.48416-08
0.447d€-05
0.893%-03
0.1135%€-04
0.1975-04
0.80E-04
0.248%-04
0. 328204
0.42778-04
0. 327704

EntestvIty

o2

0. 138908
0.1329¢-04
0. 208208
0.283s¢-08
0. 47205
0.4841%-0%
0.“7 A ‘09
0.885¢-03
0.1195€-04
0.19756-04
0.20396-04
0.248%-04
0. 202 -04
0.4277E-04
0.527%-04

(DPMENS1ONLESS)
0.1000E+01 -

0. 1000E+0)

“..7073-76 - IW lﬂ. i

B

0.9083¢-08
0, 208308
027708
0.3‘73'09
ODW““
0.50006-03
0.7639¢-03
0.972 08
0.1275¢-04
0. 1“‘5‘“
0.217%-04
O.W'M
0,341 6E-04
0.4500€-04
0. 3444E-04

TABLE 6.2

.18

0.41056-03
0.4164€-03
0.9083¢-09
0.6230-08
0.7684¢-08
0.9027¢-08
0.1085€-04
0. 1364604
0. 4714804
0.21306-04
0.2616E-04
0. 3227604
0.3841E-04
0.5000€-04
0.6080¢-04

A0 .

0. 60406-05
0. 6060608
0. 490E-08
0.87776-08
0. 1114E-04
0. 13546-04
0. 1647E-04
0.2014E-04
0, 24306 -04
0. 29ME-04
0.35278-04
0. 4305E-04
0. 49704
0.6111E-04
0.7277E-0

(Continued)
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QRIGINAL iy

OF POOR QUALITY

116,00

0.54728-08
0.0472-05
0.74386-0%
0.9472¢-09
0.1202¢-04
0. 1483-04
0.1837-04
0.21726-04
0.20168-04
0.3138-04
0.3777E-04
04438604
0,53806-04
0.6728E-04
0.00%5€-04

e ———
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MAXIN TENPERATURE

1o, pensITY'
EIF)  (LEWICUST)

D AR 0,756
0.9540608 0, 17MEH

200,40 0 F

tow, SPECIFIC MEAT
(DEGF) . (BYV/LBM-DED F)

DSRS0, 17006400
0. 14960 0. 17006400
O.400E+00  0,1930€+00
0,204+ 0,2100E000
0.804E403 0, 2780540
O.1000E+04  0,27%0E40
0.9340E+04  0,27%08440

e, CONDUCTIVITY
(DEG F)  (BTU/FT-8-DED F)

DA 0, 140001
OAFECT 0, 1400€-01
0.M00EN0 0, 20001
0300400 0,25006-01
0.00MER3 0. 270001
0. 5004E 403

0.29008-01
0, EMIEstvty
(DEG F)  (DINENSIONLESS)

0.4596E603 0, 18006400
O.9M0E404 0. 1200400

INNONL 817 - mr a0, )

MAXINN TENPERATURE 1800.40 DEG F

toe. DENSITY
BEBF)  (LBNVFT)

0.AE 0510000
0.93ME4 0521903

B,  ECIFIC AT
(O8 F)  WRUALEN-DEB F)

~0.45%:€ 400

0. 1000€+00

Table 8.2
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(Continued)

ORIGINAL PAGE 13
OF POOR QUALITY




E 0.JM40EH 0, 10006400
; 0.M004ERE  0.1110+00
| QofiCed  DoLarhedd ORIGINAL Priif; (14
00000604 0, (710600 OF POOR QUALITY
0.4006404 . 144000
. 0. 1000Ee0h  0,1500€+00
0.(BO0EW0A 0, 15706400 |
0.000EK4 0, 16306000 |
0.9MEW00 0, 1430600
P, CONMCTIVITY
3 (06 F)  (BTV/FT-G-0€0 F)
QAN 02176600 ‘
-. 0.7M0E60  0.2076E-00
g 0.0008403 0237602
o 0.000MEH 0.26166-02
- OOWE’OS O.ﬂwc"“
4 0.1000EKH 0, 3M9E-02 ;
1 0.100404  0,30TME-42 |
L 0.10006+08 0. 400%€-02 T
Y 01600404 0.4im%-R .
J O.AB0ERA 0. 4SH0E-02 .
i 0.50006404 0, dEoBE-t2 .
{ g 0.9W0EWH 0, 4B08E-00 |
me.  Busiviy g
e O F)  (DIENSIONES) '
1 OASIENT  0,13006K0 :
O.40ERDE  0.100E400
% NI - MTNL 9 B
2 WAXIN TENPERATRE 600,40 DEY F i
1 W, DBEIY 33
;- (G F)  (LBN/CU.FT) .;
4 s QABENS 0,516 ,1
4 0.90E404  0,81206W03 :
N o
1 TP,  SECIFIC AT §i
1! (BELF)  (BTU/LEN-DES F) g;
4! QAWERT  0.9500E-01 :
1 0.4000EK0 0. 17506400 -
B O.MO« o.‘mm !
012006404  0.16008+00 .
0.99MEHM  0,1600E400 - o
L Table 6.2  (Continued) §
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W, iy L ‘
(DEGF)  (BYU/FT-B~DEG F) ORIGINAL, i 10

OF POOR QUALITY
040K 0.12006-02

0.7040E602 0, 1200602
0.8004e00 0, 800€-02
0.1000Ee04 O, 2800802
0.950EH4 0, 20006-02

™. OSSN
(060 ) (DIENSIONERS)

<0AKERDD  0,] 2008000
0.95406+04  0,12008400

Table 6,2  (Continued)
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!
BODY POINT MMBER =

T
(8EC)

0,0000€+00
0. 9000 +0¢
0. 10006 +33
0. 13906403
0.15%006+03
0.17%0€+03
0. 20008403
0,22506+03
0.2750E+03
0.30008403
0. 35006403
0.40006+03
0.45008403
0.50008403
0. 52808403
0. 55606403
0. 59808403
0.54008403
0.58406+03
0.6820E403
0.71006+03
0.73808403
0.75206403
0. 7440404
0.7800k+03
0.79808+03
0.8080E 403
0.82206403
0.8%00E+03
0.67806403
0.90406+03
0.9760E+03
0.10048+04
0,102 +04
0.1060E+04
0.40748+04
0.1102€+04
011146404
0. 1144E+04
0.1172+04
0.12006+04
0. 12606404
012902004
0.1350E+04
0.13206404
0.1410E+04

3 SAWLE MINIVER INPUT TABLE
FILN COEF,  REC ENTHALPY  PREGSLRE
(LEn/SA.FT-BEC)  (BTU/LRM) (LBF /80,FT)
0.A%E-D8  O.J126ER0S  0.125Z-01
0.42E-04  O.4124E005  0.344%-D]
0. 23004  0.117ENY 010906400
0. 3A1E-04 0, 1120E+08 0. 1998400
0.97E-08  0.112Ed 03170
0.6009E-04  0.112%¢05  0.721%00
0, 120¢-00 0. 1124E+09 0.1440¢+01
0479503  0.112708 0,380
0.2520¢-03 0.11138408 0. 7749401
0.9015-03  0,1109%«05  0,1126E600
0.37108-03 0. 10926403 0.1779+02
0.3974€-03 0.1060€+03 0,2004€402
0.4108E-03 0.1027E408 0.2121E+02
0.425%-03 0.9984E+04 0. 2314E+02
0, 4208608 0.976% 04 0237902
0. M0E-03 095776404 0.2470E+02
0.4515£-03 0.9270E+04 0.2399E402
O.M61E03 O.B96E404  0,2804E402
0.5%08-00 0670 08915640
0.685%-03 0.BABOE+O4 0.31206+02
0.MBZE-03  0.84508004  0.310%402
0.68937%-03 0.8228E 004 0.3303 b2
0.1013-02 0.8105E+04 0.34256+02
0.11486-02  O.7904B408  0.3%430402
0.1%28e -0 0. 78836404 0.3730E 0%
0.1940-02 0.7738E+04 0.3%27E402
0.1784E-02 0.7610E404 0.4120E400
0. 2000€-04 0. 7476E:04 0.4358e402
0. 2009 -02 0. 749804 0.4938e+02
0. 2618800  0.6779Es04 0.5%4%e02
0.2886E-02  0.43056404  0.4208E402
0.3470e-02 0. 5BAE«O4 0.763%+02
0.3900€-02 0.4800E+04 0.8485E402
0426702  O4WIEOR  0.89BKE2
0.4461E-02 0.377E+04 0.9205E402
0.Msik-02 0,352 «04 0.9301E+02
O.M®ED2 0307 0.930202
0.4397%-0¢2 0. 2903 +04 0.9263¢+02
0.4844E-02  O.2498E¢D4 0.9407E402
o.st“'m 0.31235'504 ‘OQ”&xm
0.5152E-02  0.161%«00  0.92448008
0,542 -02 0.1250E+04 0.854%E402
0.58148-02 0.1034E+04 0.8321€+02
0.8J0ME-02  0.AY0E«03  0.83498400
0.416%-02 0. 3487E+03 0.8032€402
0.5844E-02  0.4M%d3  0.764%402
Table 6.2  (Continued)
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1 TRUCTURE DEF INITION
BODy POINT 3
TINIT = 100,00 DEGF TSINK® OO DEGF FIV = 1,000

NODE NMBER = { OIGTANCE FROM SURFACE = 0,0000006400 IN,
CONUCTER! MMBER = |
CTRCTWRE TYPE = | GLAB
MATERIAL { = HRBL COAT

NODE MOGER = 2 DISTANCE FROM SURFACE » 0, 1000006400 IN,

NDE MMBER = 2 DISTANCE FROM BURFACE = 0,100000€400 IN.
CODUCTOR NKBER = 2
SIRKTRE TYVPE = | 68

WATERIAL 1 = L1-900
NGOE MUMBER = 3 DISTANGE FROM SURFACE = 0,162900E+00 1N,

NIE MMBER « 3 DISTANCE FROM SURFACE = 0,1625006+00 IN,
CODUCTOR MMBER = 3
STRTWE TYFE =  {  GLAB

MIERIAL 1 = L1-900
NODE NMBER = 4 DISTANCE FROM SURFACE «  0,225000E400 IN,

= NOE NIBER = 4 DISTANCE FROM SURFACE = 0.2290006400 IN.
CONDUCTOR MMEBER = 4
BIRWTWE TYPE & | BB

MATERIAL 1 = LI-900
NODE MMBER «  § DISTANCE FROM SURFACE = O, 2875006400 IN,

NOOE NMBER » 9§ DISTANCE FRUM SURFACE = 0.287500E¢00 IN.
CODUCTOR MMBER «
SUTRE TYPE = 1 6AB

MATERIAL 1 = LI-900
NIDE MMBER = & DISTANCE FROM SURFICE = 0, 3500006400 N,

NIE WMEER = & DISTANCE FROM SURFACE « 0. 3500006400 IN.
COMDUCTIR MMBER = &
SIRKTIRE TYFE = | 68

MTERIA 1 = L1-900
NIOE MMBER = 7 DISTANCE FROM SURFACE & 0,412500E40D IN,
NODE MMEER = 7 DISTAE FROM BURFACE = 0,4129008400 IN,

CONDWTOR MRBER » 7
STRCTIRE TYPE = | GLAB

MATERIAL 1 = LI-900
WIE MIBER = @ DISTANCE FROM SURFACE = 0.4750006+00 IN.

Table 6.2 (Continued)
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WODE NMBER = @ DISTANCE FROM SURFALE = 0,4750006400 IN,
CONDUCTOR NBER = @
SMATWE TWE » | 8B
MITERIAL | = L1500
NOE NMBER = ¢ DISTANCE FROM GURFALE @ 0, 5370006400 IN,
WODE WMGERs ¢ DISTANCE FROM SURFALE = 0,5375006+00 IN.
COOKTOR MMER = §
SIRCTWE 'WPE =  § 88
MATERIAL § = L1-900
NODE NMBER = 10 DISTANCE FROM SUREACE = 0,4000006¢00 IN.
CONDUCTOR MUMBER & 30
SIRUCTWRE TYPE ¢ 3 MDY CO®
MATERIAL 1§ = AL,2075-14
MATERIAL 2 = AL 707915
MATERIAL 3= AL.7075-T4
NODE NMGBER =« DISTACE FROM SURFACE = 0. 1350006701 IN.
NODE MMBER ¢ 1 OISTANCE FROM SURFACE »  0,1750006%01 IN.
CONDUCTOR NMBER 2 11
"BTRCTRE TYPE = 4 CORRUBATED
MATERIAL § = INCONL 417
MATERIAL 2 = INCONL 17
MATERIAL 3 = TITANIUM
NODE NMBER = 12 DISTANCE FROM SURFACE = 0.235000E¢01 IN.
Table 6.2 (Continued)
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1MIE 16 THE CON'IGURATION FOR BODY FT. 4 OF POOR QUALITY
TR o S T e S e S —

t
WEL COMT AL 0ot B, ®
sss g, (asussnasusssasnisrass S EEtNSACE S NN IS SIS EARAE NSRS --‘--
0
4“0 f
S0 !
b. 0 Ll"m M G.W ‘"o
7.0 ]
6.0 !
9. 0 1
smmil), Jisrunssrasssssoannisia SEninNeUERNEEUSERERREIRRENNS  wwwen
0.120000 IN. AL.7075-Té ;
It t 1 1 !
S S S A | ' 1
I 1t 1 1 I ALT07STS  HONEY COMB 0.730000 IN.
i I 1 1 ! 1
1 1 1 t 1 :
0.410000 IN. AL.7075-T6 1
maf], (ertevcoiite st rtiv it bt T EEA S S meemam
0.080000 IN. INCONL &7 }
v v v v {
v vy vy vy 1
V VvV VvV Vv ¢ v TITANIM  CORRUSATED 1.000000 IN.
vy vy vy v 1
v v v v }
0.080000 IN. INCONL 817 {
THE = 0.00000 TIM STEF = 0.00000  NO. OF BTEPS = 0 @
INTEGRATED HEAT HEAT RATES
BV/80.F1 87U/80.F7-85C
COMELTED 0.0 CONVECTED 0.0
RADIATSD 0.0 RADIATED 0.0
NET LOAD 0.0 KET LOAD 0.0
STORED 0.0 STORED 0.0
SURLINED 0.0 SUBLLmED 0.0
ADVECTED 9.0 ADVECTED 0.0
%5 NET | 0.0 ™S Nt 0.0

Table 6.2 (Continued)
138

N R L

@4:




DA 0000
' N, .
; "AT\:Q“F & ; ) - RECESSION RATE  0,00000 IN/GEC
. ' 2= 100, W a 100.000 H" 00,
T 4w $00.000 T 7= 100,000 (| ﬂ’: 100,000 ! “7;: %00.%

U 11)s {06,000

T 12)= 100,000

TIE = 100,00000 TINE BTEP e 0.968008 MO, OF STEPS = 4
(NTEIMATED HEAT HEAT RATER

BTV/8a.Ft BTu/80.F1-gE¢

CONWECTED 19.3 CONVECTED 0.3

RADIATED .0 RADIATED 0.0

1T LOAD 12,3 HET LOAD 0.2
STORED 12.3 STORED 0.2

SUBLIED 0.0 SUBLIMED 0.0

ADVECTED 0.0 ADVECTED 0.0

™3 et 12.3 P48 NET . 0.2
SURFACE RECESSION

DISTAMCE  0.00000 IN, RECESSION RATE  0,00000 IN/GEC
TENPERATURE DEG F

T 1= 169,20 T s 162,268 TC 3= 132,831 T 4fs 114,628
T &)= 103.731 T e 101,639 T 8)¢ 100,688 T §)s 100,232

¢ 11)= 100,000

T 12)¢ 100,000

TINE = 200,00000 TIME STEP = 1,0477 N, OF STEPS = (-]
INTEBRATED NEAY HEAT RATES
BTU/EA.FT BTu/58.Fr-ce0
CONVECTED 8.0 CONVECTED .3
RADIATED 13.8 RADIATED 0.3
NET LOAD 47.2 NET LOAD 1.4
STORED 612 ST0RED 1.4
SUELINED 0.0 sUsLIED 0.0
ADVECTED 0.0 ADVECTED 0.0
8 T .1 98 &Y 1.4
SURFACE RECESSION
DISTANCE  0.00000 IN. RECESSION RATE  0.00000 IN/EEC
TEMPERATURE DES F
T 1)e 458,798 T 2= 4.2 T 3= 93,834 T 4)e 21,880
T b= 13,97 T s 119.5%0 Tt 8)= 110,078 T 9= 104,283

Table 6.2 (Continued)
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T §is 100,000
T 1008 100,000

T $1s 108,067
Tt 10)= $00.001

TC S« 183,752
¢ 10)= 100,026
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THE= 20000000 TIEGIEFs 0,452 MO, OF STERY = 1 OF POOR QUALITY

INTEBRATED MEAT HEAT RATES

BTu/8a, 1 BYU/E0, FT-6EC .
Ae4 CONVEGTED .2

mm@ 109.4 RADIATED 1.9

KE? LOAD 47,0 NET LOAD 1.4

gToRED 207.0 StORED 1.4

SUBLINED 0.0 SUBLIIED 0.0

ADVECTED 0.0 AVECTED 0.0

™8 NET 207.0 8 NEY 1.4

SURFACE RECESSION |

DISTANGE  0,00000 IN, RECERSION RATE  0,00000 IN/BEC

TOPEATRE DED ¢

T 1)41012,758 T( 2)= 974,58 H D= 782,617 T 4)s 402,94 T $)= 451,3%

T 6w 333,32 T( s 286,878 TC 8)e 164,38 T( 9)= 138,648 T( 101= 100,391
T 11)e 100,301 Tt 12)s 100,020

THEe 40000000 TUEEEP« (44954 N0, OF STEPS « 1"

INTEGRATED HEAT HEAT RATES

BTU/S4.FT BU/84.FT-SEC

CONVECTED 69,1 CONECTED L)

RADIATED 5.9 RADIATED 3.5

HET LOAD 04.2 NET LOAD 0.6
STORED 303.2 STORED 0.6

SUBLINED 0.0 SUBLINED 0.0

ADVECTED 0.0 AVECTED 0.0

18 T 303.2 178 Net 0.6
SURFALE RECESSIIN

DISTAMCE  0.00000 IN, RECESSION RATE  0.00000 IN/6EC
TENPERATURE (€5 F

T 111258, 578 T 29=4297,59 N 3=4103,%) T A)s 959,601 U 8)s 812,086
TC &)= 4bbb47 T e S4.98 TC 8)e 38,%¢ T e 247,99 T 10)= 103.292
Tt 11)= 102.816 Tt 12)= 100,352

‘ Table 6.2  (Continued)
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THE = S0.000 THESKEF s 0957 WL, OF O a2k ORIGINAL PACE (6 .
INTEGRATED HEAT HEAT RATES OF POOR QUALITY

BTV/E0.FT BTU/84,F1-BEC

CONECTED 1074.5 e Y ,‘
RADIATED 72,8 RADIATED 30 -
T LOAD 2.0 KT LOKD 04 - o
STRED 8.0 6TORED 0.3

SALIND 0.0 SaLINED 0.0

ANECTED 0.0 ANEC 18D 0.0

8 et 2.0 %6 hET 0.3 o
SURFACE RECESEION |
DISTAKE 0,00000 IN. RECESSION RATE 000000 IN/eg?

TEWPEIATIRE DED ¢

T 1180586 T De@07 T DEL0  TC eSS T Sis 929,987
T 679061 T Tiedde 0 TC BB AT TC e 207 T( (0s 109.4%
Tt 108,730 Hsde 10070

TIE =  &00.00000  TINE STEP 054968  NO, OF BTEPS K7/

INTECRATED HEAY HEAY RATES "‘
BU/80.FT | Etu/8,Fr-sec .'
COWELTED 14972 CONECTED 4.0 4
RADIATED 1189.4 RADIATED 4.8 4
NET LOAD 8.3 T LORD 0.2 |
§TORED 3.3 $TORED 0.2 .‘
SRLIND 0.0 SLIND 0.0 |
AVECTED 0.0 ADVECTED 0.0 =
g it 0.3 8 NET 02 |
e, - 5

00000 IN, 10N RAYE  0.00000 IN/ :
TEPERATIRE DED ¢ =

T i=fot7, T T 2=1217.864 T Daf1M.178 T 41107109 T Si= 930,513

T( &)= 818,517 T )= 872,084 Tt 8)= 811,087 H 9= 39, ( .
T i)s 118,99 T 12)s 104,470 “ T 10 b e | :

i i - o - =

Table 6,2 (Continued)
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TIE«  700,00000  YINE GTEP »
INTEGRATED HEAY

BTv/ga.Ft

CONECTED 1999

RADIATED 1530.6

NET LOAD 0.3
GYORED .3

BUBLINED 0.0

ADVECTED 0.0

S T L
SURFACE RECESSION

DISTAE  0.00000 IN,
TEWPERATURE DB F

T( 1)01407,9% T 21=1384,297

T b 841,15
T 10 192,30

U D= 8.4
1 12)= 108,277

TIE = 60000000  TIME STEP &
INTEGRATED MEAT

BTU/Bd.FY

COMECTED 3.0

RADIATED 18,2 .
NET LOAD 843.8
8toren 543.8

SUBLINED 0.0

ADVECTED 0.0

P8 et 3.8
SURFACE RECESSTON -

DISTACE  0,00000 IN,
TENPERATURE DED F

T 1)=1750,28 TE 2)21700.599

Tt 61=1009.443

T e 818,077
LURILRY N i)

T¢ 12)= 112,903

09474 N0, OF GTERS » ]
HEAT RATES
"Wsﬂ.ﬁ'"m
CONVECTED 8.7
RADIATED 49
NET LOAD 0.8
STORED 0.8
SUBLINED 0.0
ADVECTED 0.0
P8 NET 0.8
RECESSION RATE  0,00000 IN/8EC
T¢ 3)n1254,198 T¢ 4)e1123,893
Tt 6)= 921,981 Tt 9= 338,28

084068 MO, OF BTEPS 48]
HEAT RATES
'WIQG.FT’&C
CONVECTED 11,7
RADIATED Qb
NET LOAD 2.4
STURED '8}
SUBLINED 0.0
ADVELTED 0.0
PS NET 2.1
RECESSIUN RATE  0.00000 IN/&EC
T 3)s1539,382 Tl 4)=1308,27
T 8i= 414,450 T 9)s 192,50
Table 6.2 (Continued)
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T S1e1191.687
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TIEs= 90000000 TN GEP =
INTEGRATED HEAT

1v/5a.F1

CONVECTED A28

RADIATED 3%43.0

#ET LOAD .
S10RED 73,8

SUBLINED 0.4

AVECTED 0.0

78 T .8
SURFACE RECESBION

DISTAKE  0.00000 IN,
TEOPERATIRE 0€0 ¢

10 1)=2031.192 TU 21=2009.408

T 61m1347,768
T 11)s $44.156

T 71=1123.810
TU12)e 118,692

THE « 100000000  TIE GIEP »
INTEGRATED HEAT

BIU/80.F1

CONECTED 9911.3

RADIATED Stia.4

€T LW 4N
STORED i

SUBLIED 0.0

ADVECTED 0.0

P8 NET . w7
BURFACE RECESSION

DISTANCE  0.00000 IN.

TEPERATURE DED F

T 1122034.95 T 2)22013.918
T b1e1d09.97% T Netie8.487

T 11)e 198,092 T 1) 106,88

e =

1100.00000  TIME STEP =

0.45128 MO, OF STEPE » 600
HEAT RATES
81u/Ba,FY-8EC
CONVECTED 18,9
RADJATED 15,9
NET LOAD 0.9
ST0RED 0.9
BUBLIMED 0.0
ADVECTED 0.0
PS NET 0.9
RECESSION RATE  0.00000 IN/SEC
T( @)= 898,972 T 9)s 843,878
0922 NP ESTEPE . Pt
HEAT RATES
8TU/58.F7-8EC
CONVECTED 16.4
RADIATED 19.7
NET LOAD 0.7
STORED 0.7
SUBLTMED 0.0
ADVECTED 0.0
P8 NET 07
RECESSION RATE  0,00000 IN/SEC
T d=1887.971 10 4)s{748.4%
Tt 8)= 933,799 T 9e §02.88
0.0%27 N0, OF ETEPS « b8y
Table 6,2 (Contfnued)
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T 108 142,943

T $1s159.304
T 100s 140,285
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NVEORATED MEAT | HEAT RATES |
'WIMOFT ﬁﬂ”ﬁ@oﬂ’ﬁc ORlGMH‘- A o '!'i {
, COMEDTED 71704 COMEYED 41,6 OF POOR QUALITY, .
: RADIATED 8561,9 MOATED 13,0 -
: ET LOAD a0, 8 NET LOAY <4
| SToRED 08,4 SToRED 0.4 .
¥ ADVECTED 00 ADVECTED 0.0
5 e et 606,98 ™6 Ket -0
iy BURFACE RECEBSION -
: DIETAKE 0,000 IN, RECEBSION RATE  0,00000 IN/8EC
i TEWERATAE €0 F :
o T USENI08 T Q@00 T DaThdBE T AIeigB3.04) T( Se1819,008 '
Lo TAe 179427 T 1410 130,479
ME= 1000000 THEED. 00 WL OFEES o0 ;j
3 INTETRATED MEAT HEAY RATES o
4 BV/B8.FT B1U/80,Frget
COWECTED 98,0 i Y .
3§ RADIATED 75219 RADLATED 74 '
3 NET LDAD 17 NET LOAD .6
».' m mct m -0.6
3. SUBLDED 0.0 SUBL 1%ED 0.0 ;4
=3 1 heT md 18 et 0.4 o
Y SIRFACE RECESSION - !
i DISTAKE  0,00000 IN, RECESSION RATE 0,000 IN/GE0 | .
i TO (1180633 T @e110.800  fC Ds1S0.443 B MRIIM T( S1et5ud.00n :
1. T GIe1168.983  T( MO0 M 8.0 M e T 00 100604
Hoithe 109,900 10 (2= 148,606 ;‘
y |
i -
ﬂi THES 130000000 THESTEPs 004N WL OFSMPEe iy L
* INTEORATED hEAT HEAY RATED
q §1U/sa,Ft B1U/80.F1-gEc |
i OMECED  eress COMECRD 3. o
i RADTATED 8671.3 RADEATED 49 .
i ETORED 7.3 ) 0.4 ]
g SUBLINED 0.0 SUBLINED 0.0 {
AVELTED 0.0 AVELTED 0.0 vy
- %3 T 74,3 b8 NET 0.4 "
P
o Table 6,2 (Continued) -
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ORIGINAL PAGE W
GURFACE RECEBSION ' OF FOOR QUALITY
DIGTANCE  0,00000 I, RECEGBION RATE  0,00000 IN/g&C
TOPERATWRE DEG F
T 1in1300, 584 T 2)s1308,9 T Dmggd9,432 1 Alsty70,40 10 Simi009.6%

i biw G4, M0 T( 71 624,781 T( giw 535,98 Tl 9)e 452,626 T 101e 200.69¢ »
T 4w 199,028 LURHILRTT ]

TIE = 1400,00000 TMESHEP = 040050 W0, OF ETEPS » 19

INTEGRATED HEAT HEAT RATES

lWI “a" UWM oﬁ'ﬁc

CONVECTED 69844 CONECTED 0.9

RADIATED 8343,8 RADIATED 1.7

HET LOAD 62,8 ET LOAD 0.8
BTORED 2.8 STORED 0.8

SUBL1NED 0.0 SVBLINED 0.0

AVELTED 0.0 ADVECTED 0.0

P8 NEY 8428 P8 NT .8
SURFACE RECEBSION

DISTANCE  0.00000 tn. RECESSION RATE  0,00000 IN/8EC
TEWPERATURE DER) #

T {)= 974,126 T De 990,248 T 3= 941,260 T A 913,49 T 8)s 847,82
T &)e 263,007 10 7)s 638,061 T 8= 332,607 TC 9)s 383,914 T( 101= 206,504 #
Toi= 205,811 & T 1D)e 172,007

INITIAL MASS = 3226707  (LBw/84.f1.)

®

1

MAXIMM TENPERATURE OF AL.7079-16 EXCEEDED AT NODE 10
RAXIMN TENPERATURE OF AL,7075-T4 EXCEEOED AT NODE 10
MAXIMN TENPERATURE OF AL.7075-T4 EXCEEDED AT MODE 11
MAXIIN TENPERATURE OF AL.075-14 EXCEEOED At NODE 11

Table 6.2  (Concluded)
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Beotion 7.0 OF POOR QUALITY

~NCLUSIONS AND RECOMMENDATIONS

The EXITS ¢odv is an {ntéructive one dimonsionsl thermsl snslysis tool
which has tho capadility to model s lafge varioty of aerospace thormostructures
with & minioun amount of effort on tho pert of the amalyst, The oode is used ia
tonjunction with the LANMIN code which produces the eavirosments and is 1inked
to the EXITS code using an outpat £ile, The ability to stoge data desceibing
the structure and the ability to asdcess any number of envitonment £iles, allows
the user to make parametric studies using varioud trajectories and TPS structure
types, trading thermal performance and weight,

The present program’s dapabilities allow the amalyst to investigate maty of
thé ocurrént and eavisioned TPS strustures, However, limitations do exist as
every candidate structuré type could aot be anticipated., In view of this, an
éffort was wade to allow chanpes, modifications, and additicns to be made with a
sinimum of reprogramming effort, Additional capability can be added to give the
user & more veérsatile tool by :lnoo:pouuhg the following recommendations:

1, Add the capadility to include additiomal types of boundary oconditions
on the backwall, Presently an adiabatis boundary 48 assured, Known
temperatore and kacwn heat flux should be added,

2, Logic should be sdded to antomatically change a siab stracture type to
o thia type if the computdd time step i¢ too small., Presently, the
user aust make this change,

3. Add logic that would allow heat flux on theé sorface to be computed
ﬁ::::t:::.teuyetttu:e history of a thermotouple placed within the

4, Include a TPS gizing foutine to dutomatically optimize the structure
given temperature, wéight and cost coiistraints,

8. Add additional routines fof computing equivalent thermal conductance,
capacitance, and weight for additional structureé types e, g. hot sec~

tiod stringer-panel ete,

6. Add logic which will allow &1l ablation material to be removed,
Presently the surface node must remain in the ablation material,

146
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Conseguently, a small amonnt of shietor material must remain on the ‘
substractace,
" Additions]l studios are récoumended to lond confidencs to the acoafrasy of
the effestive thormal conductance culoulations of the various stiuoctute ftyped, ,
. Comparison with experimontal or tost dxtd would b0 quite uwseful dn dotosrmining
the dopendonce of the ccnductancs a8 a fomotion of temporaturs level, tempera-

tore difference, Joint or dontadt conductanss and material proporties.
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ORIGINAL PAGE 15
PROGRAM MAIN OF po
EXITS CODE OR QuaLity

EXPLICIT INTERACTIVE THERMAL STRUCTUI.ES CODE

REMTECH INC, 1983 |
BY J. POND
Cs SCHMITZ
PH, 208-536-8581

PARAMETER (NMB1520,NME256, NMB3 =3, NMB4=E , NMES=40, NMB6=10, NMB 1 0% 100)

NMBI = MAX NUMBER BODY POINTS

NMBZ = MAX NUMBER LAYERS/BODY POINT

NMB3 = MAX NUMBER MATER(ALS/LAYER

NMBA = MAX NUMBER DIMENSIONS/LAYER

NMBS = MAX NUMBER CONDUCTORS/NODES

NMB6 = MAX NUMBER MATERIALS USED

NMB? = LARGEST MATERIAL NUMBER |

NMBE = MAX NUMBER MATERIAL PROPERTY TABLES STORED
((4%NMB6)+1.)

NMBO - SIZE OF MONOVARIATE MATERIAL PROPERTY TASLES ARRAY
((MAX  TABLE ENTRIES)#*2+1)

NMB1O - MAX NUMBER TIMES FOR MINIVER ENVIRONMENT TABLE

NMB11 « SIZE OF BIVARIATE MATERIAL PROPERTY TABLE ARRAY(ZND OIM)
(MAX NUMBER OF TEMPERATURES)

NMB12 - SIZE OF BIVARIATE MATERIAL PROPERTY TASLE ARRAY(3RD DIM)
((MAX NUMBER OF PRESSURES)+{)

COMMON/ENV IR/TMI (NMB10) ,HC1 (NMB10) ,HA 1 (NMB10) , PREST (NMB10)
s%%m“éﬁg/;}.TZ‘m' )THZ‘THS'TH' P‘H}M’ ,M?,m,TOquET,S'@;XM,
[ »

COMMON/ INIT/TSTART, TSTOP, TIMPT, DT IM, NBP, NEXT, METRIC,
$ METRIK,METRIX,NSTP, IPFLAG, TINI (NMB1),SINKT (NMB1) ,XFIJ (NMB1),
$ MBP(NMB1), I IN, | IN2

COMMON/TAX/ TK(NMB2) ,XX (NMBS)

COMMON/ T IME/NNDS, CONV, CRAD, STAB, | SBFG, NCDS
oom.bN/ARA/T(Nmsx.Tommm.cmt»es:.cﬁmbes).tCD(NmS).L(NNBs.z) :
scgfgt:oN%l{l))/Lsmm »NMB2) , XP(NMB1 ,NMB2, NMBA ) ; MATS (NMB1 ,NMB2, NMBS3 ) ,
COMMON /NODES/NN, 1, TT, TINIT, TSINK, F1J, TMPMAX (NMB6 )
COMMON/CTMP/TAW, DTSM

COMMON/CAC/NEXFG, NI T, XMAS

COMMON/PICT/NNISINMB1 ,NMB2)

* COMMON/ SUBLM/TSUB, XL, XLP, EXCHT, NAB, I STAR, ND1V, | AB, EXCHSV, QADV,

$ QADVS, TM8V, IDROP

COMMON/T I TLE/CHARZ,, CHARY , FNAMI , FNAM3
COMMON/PRESS/PRES

COMMON/ SAVE/XEND1, XEND2, XTST1 ,XTST2, XL TS, XMIN
DIMENSION TTT(NMBS) , ZXX(NMBS) ,FLGG(NMBS ,NMB3, 2)
CHARACTER™*13 CHAR! (NMB6)

CHARACTER%20 ENAM{,FNAM3

CHARACTER*10 CHARZ2 (NM36)

INTEGER FLG(NMBS)

! IN=5

I IN2=5

CPW=,24




| 916w, 1714E~8/3600,0
T1=1000,0

¢
DETERMINE INITIAL CONDITIONS AND STRUCTURE FOR ALL BODY POINTS
CALL INPGEQ
WRITE(9,720)TSTART, TSTOP, T IMFT
WRITE(9,722)0T M, STAS, TOL ,BET v
WRITE (9,723 )NBP, NEXT, NSTP, | PFLAG
| AB=0
o
S - O o B
ORIGINAL FAGE 13
TINIT=TINKCL)
- TSINK=SINKT(!) OF POOR QUALITY
FLI=sXFIJ(1) '
C FIND PROPERTIES OF MATERIALS
CALL DATA1
C FIND MINIVER ENVIRONMENT FOR BODY POINT
CALL DATA2(MBP(())
NN=NS(1)
XX(1)=0,0
XMAS=0,0 |
: C DETERMINE NODAL NETWORK
- CALL NODE
MP= |
C DRAW PICTURE (INCLUDING NODES) FOR OUTPUT EILE
CALL PICTUR(9,!)
| SBFG=0
. DO 436 IK=1,NN
B IFILSC1, 1K) (EQ.6) 1 SBFG=1
. 436 CONTINUE
; TIMSTSTART
A"“ . DT“0.0
o NCTRL=0
- : NIT=0
NPR=0
NPFG=1 ;
ISVe1 f
DTSM=0,0 ?
NEXFG=0
DO 140 K=1,NNDS
C(K)=0.0
FLE(K)=(1M )
140 CONTINUE
; DO 141 K=1,NCDS
: CD(K)=0.0
; 141  CONTINUE
WRITE(9,749) .
QCONV=0,0
QRAD=0,0
QNET=0,0 -
QSTOR=0,0
QsUB=0,0 b
EXCHSV=0,0 :
EXCHT=0,0
QT0T=0.0 ‘




QADV=0,D
QADY$=0.,0

THV=0.0

A ORIGINAL PAGE I’
QNERs0,0 OF POOR QUALITY
QSTRe0.0

QSUR=010

QTOR=0.0

RECR=0,0

QADR=0.0

QAD=0,0

¢
¢ START TIME LOOP

c .

1000 CONTINUE
IF(NPFG,NE.1)60 TO 501
XXSV=Xx (1)

TMPSVaT M |
WRITE(9,750)T M, DTSM,NIT
WRITE(9,600)

600 FORMAT(/41X, ! INTEGRATED HEAT!,34x, YHEAT RATES!)
IF(METRIK.EQ.0)WRITE(9,601)
IF(METRIK.EQ. 1 JWRITE(9,602)

601 FORMAT (1X, *BTU/SQ.FT*, 40X, 'BTU/$Q. FT-SEC! , /)

602 FORMAT(ix,'JOULES/SQ.M'.SBX,'WATTS/SQ.M'./)
lF(ME1RIK.E0.0)WRITE(9.603)OCONV,QCOR.ORAD,QRAR.QNET;QNER,

$ QSTOR,QSTR.OSUB,QSUR,OAD,QADR.QTOT.QTOR

Z1=QCONV#11355,9

Z2=QCOR%*11358,9

3=QRAD 1355,9

Z4=QRAR*11355,9

Z5=QNET*11355,9

Z6=QNER*11355,9

Z7=QSTOR*1 1355,9

28=QSTR*11355,9

29=QSUB*11355,9

210=Q8UR*11355,9

Z11=QAD*{1355,9

Z12=QADR*11355,9

Z13=QT0T#{1355,9 S

214=QTOR*11355,9

lF(METRmoEQ.‘)WR'TE(Q.G(J})Z‘.Z?.ﬂ,24;25526.27.28.29.
$ 210,211,212,213,214

603 FORMAT(!X.'CONVECTED'.T'65P10.1.TBi.'CONVECTSD‘.TB!.?iO.i./.

' NET LOAD',T26,F10.1,T51,NET LOAD!, 171,F10.1,/,

' STORGD'.T!ﬁ.FlO.i.T51.‘STORED';TBi,FlO.I./.

' $UBLIMED'.Ti6.F10.1.T31.'SUBLIMED"TﬁlpFio.i,/.

' ADVECTED'.TiG;FiO.i,TBi.'ADVECTED‘.TBi.FiO.i./.

' TPS NET!,T26,F10.1,T51,TPS NETY, T71,F10.1,/)
ZZiaXX (1) 412,

ZZZ'REG?*' 2.

IF(METRlK.E0.0)WRlTE(9,604?221,222
604 FORMAT(1X,? SURFACE RECESSION',/,' DISTANCE !,Fi1.5,
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ORIGINAL [/ucls [ :
$ ' IN.Y,T51,"RECESSION RATE ',F11.5,! IN/SEC!) | ¢ {
221=XX(1)#12,0%2.54 OF POOR QUALITY |
272=RECR#{2,0¥2,54 ,
(F(METRIK. Q. 1 JWRITE (9,805) 221 , 222 | |
605 FORMAT{1X,'SURFACE RECESSION',/," DISTANCE ',F11.5, .
§ 1 OM,1,TH1, RECESSION RATE "F11.5,1 CM/SELY) L
DO 2000 INC3=1,NCDS o
N1L(INC3, 1) '
NZeL(NC3.2) - )
I (METRIK. EQu ) TTT (N1 )=T (N1 ) =459.6 .
[ £ (METR (K+EQs 0)TTT (N2)=T(N2) =459.6 |
IF (METRIK.EQ. 1 )TTT(NT )=T(N1)/1.8
IF(METRIK.EQ. 1 )TTT(N2)=T(N2) /1.8
IFCLSCT, 1CDUING3)) EQ.7)G0 TO 2000
LF(MATS (1, 1EDCING3), 1) .EQ.0)60 TO 11
C FLAGS FOR MAXIMIM TEMPERATURE OF MATERIALS
IF (T (N1) .GT. TMPMAX (MATS (I, ICDCING3),1) ) IFLGBINT,1,1)=1
IF(TND) JGT. TMPMAX (MATS (1, ICDCINC3) 51 ) JFLG (N1 )= {H#

11 IF(MATSCH, ICDCINGS),3) .EQ.0)60 TO 12
[FCTN1) o GT. TMPMAX (MATS (1, 1CDCINC3) ,3) ) ELGG(NT 3, 1)=1
IF(TIND ) .GT. TMPMAX(MATS( | ICDCING3) ;39 ) JELG(NT)=TH® -

12 1F(MATS(1, ICDCING),2).EQ.0060 TO 13
LF (TN2) o GT. TMPMAX (MATS (1, ICDUING3) , 2) ) FLGGINZ, 2, 1 )=t
IF(T(N2) .GT, TMPMAX (MATSC 13 ICD(INC3) 2) ) FLO(N2) =1 K

13 IP(MATS(I, ICDCING3),3) .EQ.0060 TO 14 -

LE(T(NZ) GT. TMPMAX (MATS (1, 1CDCING3),3) ) JFLGB(NZ, 3, 2) =1
I CT(NZ) .GT, TMPMAX (MATS( [ 1CDCING3) .39 ) FLG(NZ) =1 H#

14 CONTINUE |

2000 CONTINUE - o
I (METR IK. £Q. 0IWRITE (9, 714) - ;
[F(METRIK.EQ. 1 JWRITE(9.715)

714  FORMAT(1X, 'TEMPERATURE DEG F')

715 FORMAT(1X, ' TEMPERATURE DEG K') -
WRITE(9,711) (JJ, TTTCJJ), FLECIY) , Jd=1, NNDS) |
IFCLSC1.1) NE.7560 TO 499 o
DO 2020 IR{=1,NNDS .

LF (METRIK. EQ. 0)2XX( IR1)=XX (IR1) #1240 - o
LFAMETRIK. EQ. 1) ZXXCIR1 )=XX (1R] ) %1 2.0%2.54 o

2020 CONTINUE Do
IF (METRIK. EQ. 0)WRITE(9,716) ,
LEAMETR IK.EQ. 1 JWRITE(9.717) .

716  FORMAT(1X, 'NODE POSITION INCHES') o

717 FORMAT(1X. 'NODE POSITION CM') '
WRITE(9,726) (44, ZXX(JJ) , Jd=1 , NNDS)

499 CONTINUE
IF (I PFLAG.EQ.1)60 TO 500 ‘
DO 2021 IR1=1,NCDS
IF (METR 1K+ EQ. 0) ZXXC IR1)=GD(IR1 )

IFCMETRIK. EQ. 1) ZXXC IR1)=CD( IR1 )#1899.0

2021 CONTINUE
[F(METRIK. EQ.0)WRITE(9,718) ' :
IF(METRIK.EQ.1)WRITE(9,719)

718 FORMAT(1X, § CONDUCTORS BTU/SEC-DEG F')

719 FORMAT (1X, ' CONDUCTORS WATTS/DEG K!)
WRITE(9,713) (JJ, ZXX(J4) , dJ=1 ,NCDS)
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DO 2022 IR1=1,NNDS
|F (METR 1K, Q. 0) 2XX( IR1 )=C(IR1 )
[F(METRIK.EQ, 1)ZXX(IRT)=C(IR1)#1899,0 ORIGINAYL bri; 1
2022 CONTINUE OF POOR QUALITY
' IF(METRIK.EQ.0)WRITE(9,727)
IF(METRIK.EQ.1)WRITE(9,728)
721 FORMAT(1X, YCAPACITORS BTU/DEG F!)
728 FORMAT¢1X, ' CAPACITORS JOULES/DEG K!)
WRITE(9,712) (JJ, ZXX(JJ), JJ=1,NNDS)
500 CONTINUE
NPR=NPR+1
NPFG=0
501 CONTINUE
MATSMATS(1,1,1)
CALL HEATN(TIM,HC, HAW, PRES, ISV)
CALL PROP(TO(1),PRES,MAT, RO, CP, XK, EP)
CRAD=S IGAEPHE | J¥(TO (1) #424TS INKH42) #(TO(1)+TS INK)
IF(LS(1,1) NE,7)G0 TO 502
C IF ABLATOR SUBLIMER THEN DETERMINE TEMPERATURE OF SUBLIMATION AND
C HEAT OF SUBLIMATION
CALL SUBPR(PRES,1,TSUB)
CALL SUBPR(PRES,2,XL)
, IF (TIM. LE.0,0IXLP=XL
502 CONTINUE
; TAW=HAW/CPW
-~ CONV=CPH #HC
E | F(NEXT#(NIT/NEXT) ;£Q. NI TINEXFG21
IF (NEXFG.NE.1)G0 TO 466
C FIND CAPAC!'TOR AND CONDUCTOR VALUES
CALL COMPCL
466 CONTINUE
C DETERMINE TIME STEP
CALL TMSTEP(DTSM, 1)
TMPT1=T IM-TSTART ]
TTEMP=TMPT1+DTSM .
PT IM=FLOAT (NPR) T IMPT : Lo
IF(TTEMP.LT,PTIM)GO TO 365 -
DTSM=PT IM=TMPT |
NEXFG=1 o
NPFG=1 - -
365 CONTINUE o
C COMPUTE TEMPERATURES |
CALL COMIMP
JJ=10(1) |
JN=LS(1,d4) _ S
‘ IF(IN.NE.7)60 TO 366 |
TMSY=T IM |
C FIND RECESSION DISTANCE C
CALL ABSUB(1) |
L |F(1DROP.EQ.0)GO TO 3659 | |
DO 3658 JIL=1,NMBS o
3658 FLG(JIL)=0,0
3659 CONTINUE
NEXFG=1
366 CONTINUE

A-5
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c INTEGRATE HEAT LOADS 4
Q=00 o
QAD=QADHQADY |
QCONV=QUONV4+DTSM#* (TAH=TO (1) ) #CONV
e TS ‘ |

=(TAN= ORIGINAL PACE [% -
QRAR® (TO(1)=TS INK) #CRAD o | ‘

QNER=QCOR~QRAR OF POOR QUALITY

5, DO 492 JJ=1,NNDS

o QQ=Q0H (T (JJ)=TO(JJ) I #C(JJ)

i TO(JJ)=T(JJ) :

= 492 CONTINUE |

QNETBQOONV-QRAD ‘
QSTOR=QSTOR+QQ

QSUB=OSUB+EXG1T-QADV

QTOT=QSTOR+OSUB+QAD

ST e e et

TIME STEP
TIMSTIMHDTSM »

-

o0 OO0

| FIND HEAT RATES -
QADReQADY/DTSM '

QSTR=QQ/DTSM S
QSUR=EXCHT/DTSM-QADR . ;
QTOR=QSTR+QSUR+QADR

RECR= (XX (1)=XXSV)/(TIM-TMPSV)

EXCHSV=EXCHT - »

NIT=NIT+1

IE(NIT.6E.NSTP)GO TO 8000

IF(TIM,LE.TSTOP) GO TO 1000

IF(METRIK, EQ. 1 )XMAS2=XMAS %4, 8624 |

IF (METRIK.EQ, O)WRITE(9,752) XMAS |

IF(METRIK. EQ. 1 JWRITE (9,753 ) XMAS2 Co

WRITE(9,760) - o

760 FORMAT(!11) - :
DO 3000 NDS1=1,NCD$ !
ND1=L(NDS$1,1) |
NDZ=L (NDS1, 2) !
IF(MATS(1, ICD(NDS1),1).EQ.0)G0 TO 770 o
IF(FLGG(ND1,1,1) 4EQ. 1 JWRITE(9,761)CHARZ(MATS (1, ICD(NDS1), 1)) ,ND o

770 IF(MATSCI, ICDINDS1),3) .EQ.0)G0 TO 771
IF(FLGG(ND1,3,1) EQ. 1 JWRITE(9,761)CHAR2(MATS( 1, ICD(NDS1),3) ), ND

771 IF(MATS(I, ICD(NDS1),2) .EQ.0)60 TO 772

i IF(FLGB(ND2,2,1) «EQ. 1 JWRITE(9,761)CHARZ(MATS( 1, ICD(NDS1),2) ), ND2

=+ 772 IF(MATS(I, ICD(NDS1),3).EQ.0)60 TO 773

i IF (FLGG(ND2,3,2) 4EQ. 1 JWRITE(9,761)CHARZ(MATS (1, ICD(NDS1),3)) ,ND2

1 761 sFogr;m(/nx.'mxmw TEMPERATURE OF *,A10," EXCEEDED AT NODE !,

= | .

5 773 CONTINUE

3000 CONTINUE

8000 CONT INUE

711 FORMAT((5(3H T(, I3, 2H)=,F8.3,2X,A1,4X,1)))
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ORIQINAL §pc: -
726 FORMAT((S(4H XX(,13, 2H)=,F8.3,6X,1))) W T
712 FORMATC(5(3M C(,’ 13, 2H)=, E10.3,1, 5X))) OF POOR QuALITY
713 FORMAT ((S(4H CD(, 13, 2H)=, E10.3,1, 4X)))
749 FORMAT(IM1)
. 790 FORMAT(///,1H ,THTIME = ,F12,5,5%,124TIME STEP = ,F12.5,5X,
$ {8HNOs OF STEPS = ,110) |
752 FORMAT(///,' INITIAL MASS = ,F11,5,3X, " (LBM/SQ.FT:)*,///) ‘
783 FORMAT(///,' INITIAL MASS = '.r-'n.sgsx.'txswso.n.)'.///) !
. 920 EORMAT (1H1,5X, ' TSTART = !, F12,3,9X,1TSTOP = 1,F12,3,5X, .
CITINPT = 1,F12,3)
722 FORMAT(1H ,SX,'DTIM = ‘.?12.3.9)(.'9'“8 - '.F12.3,5X.
$ tTOL = f,F12.5,5%,'BET = 1,£12,3)
723 FORMAT(1H ,5X,'NBP = 1,3X,15,9%,!NEXT = 1,3X,5,9X,
$ 'NST? - '5'8,9X,'|PFLAG - 'o'&p/)
WRITE( | IN2,724)
924 FORMAT(//,15X,!= = = EXECUTION COMPLETE = = =')
WRITE (1 IN2,725) ENAMI
728 FORMAT(/,1X,1OUTPUT FILENAME = *,A20,/)
CLOSE (UNIT=7, STATUSS 'KEEP?)
CLOSE (UNIT=9, STATUS= 'KEEP!)
ganaL EXIT




ORIGINAL, |7y i v,

| OF POOR QUALIY
 SUBROUTINE ABSUB(I)
C SUBROUTINE TO COMPUTE RECESSION RATE OF ABLATOR AND ALSO
C THE HEAT REQUIRED TO CAUSE THE MELT LINE TO RECEOE.
PARAVETER (NMB1=20, NME2=6, NME3=3 , NVBd G, NWES= 4D, NMEG=1D)
COMMON/ (N IT/TSTART, TSTOP, T IMFT, DT IM, NB; NEXT, ME TR I,
$ METRIK, METR (X, NSTR, [PFLAB, TINT (B ), STNKT(NVB1), XF 14 (NI », \
$ mF(Nm‘U, 1IN, 1 IN2
COMHON/ SUBLM/TSUB, XL, XLP, EXCHT, NAB, 1 5TAR, NDIY, | A8, EXCHSY, QADY,
$ QADVS, TMSV, | DROP
COMMON/T IME/NKDS, CONV , CRAD, STAS, | SBFG, NCDS
COMMON/ARA/T (NMBS ), TO (NMBS ) , C(NMEIS) , CD(NNBS) , | CDINMES) , L (WSS, 2)

sCOhgdb{b%%l))/LS(NhB! »NVB2) , XP (NMB1 ,NMB2, NMB4 ) , MATS (NMB1 sNMB2,NMB3),
NS(N .

COMMON/TAX/TK (NMB2) , XX (NMES )
COMMON/NODES/NN, 1, TT, TINIT, TS INK, F 1J, TMPMAX {NME6 )
COMMON/P1CT/NNIS(NMBT , NMB2)
COMMON/PRESS/FRES
COMMON/ SAVE/XEND1,XEND2Z, XTSTH o XTST2,XLTS, XMIN
COMMON/T ITLE/CHARZ , CHART , FNAMT , FNAMS
CHARACTER*10 CHAR2 (NMB6)
CHARACTER*13 CHART (NMB6)
CHARACTER#20 FNAM! ,FNAM3
DIMENSION ZXX(NM35)
IF(NAB.EQ.0) GO TO 1000
JI=1CDCI )
FIP1=] 141
JUP1=1CO(1IPY)
DIV=FLOAT(NDIV)
INeLS(I, J)
Ni=L(I1,1)
N2=L(1 ';2)
N3=L(11P1,2) C
MA=MATS(1,44,1) |
C COMPUTE RECESSION DISTANCE o
QADV S=QADY o
CALL PROP(TT,PRES,MA, RO, CP, XK, EP)
DS=EXCHT/ (XLP*RO)
EXCHSV=EXCHT |
| DROP=0 o
IFCISTARJNE.0)GO TO 555 o
ISTAR=1 ' E :
C OOMPUTE NODE BOUNDARIES |
XEND1= (XX (N2)+XX(N1))/2.0 :
XEND2= (XX (N3 )+XX (N2) ) /2.0 S
XMIN=XEND1/D 1V .
' 555 CONTINUE .
: C MOVE NODE LOCATIONS ¢
: XX (N1 )=XX (N1 )+DS S
B XX(N2)=XX (N2)+D$/3.0 o
‘ XTST1=XEND1=XX (N1 ) .
‘ XTST2=2,0%DS/3.0
. XLTS=XX (N2) =XX (Nf )
: IF(XLTS.6T.XMIN)GO TO 560
| XTST2=XEND2=-XEND1




| DRO 1 ORIGINAL PACT 1y
560 CONTINUE OF POOR QUALITY
XEND1=XEND1#XT8T2
C COMFUTE EFFECTIVE HEAT OF ASLATION
, GMEL=RO® (XL PUXTST{+XL 4XTST2+CPUXTST2#(TSUB=TO (N2)))

,; XL PuQMEL/ (RO* (XTST14XT§12))
o C COMPUTE ADVECTED HEAT
L QADV=ROMCPHXTSTZ# (TSUB=TO(N2) )
. [£¢1DROP.EQ.1)60 TO 520
L GO 70 1000
Y 520 CONTINUE
; C RENUMBER NODES IF NODE DROPPED
| NNDS=NNDS=1
NCOS=NCD$=1
DO 521 KK=1,NNDS
IF(KK.EQ.1) 6O TO 521
KKP1=KK#1
XX (KK )=XX (KKP1) o
CUKK)=C(KKP1) .
TO(KK)=TO (KKP1)
T (KK)=T(KKP1)
3 521 CONTINUE
y XEND2= (XX (N3 ) #XX (N2) /2,0
‘ DO 522 KK=1,NCD$
KKP1=KK+1
X . CD (KK )=CD(KKP1)
| ICDUKK §=1COKKP1)
522 CONT INUE
WRITE(9,700)
NNISCE, JJ)=NNIS(I, d4)=1
C PRINT PICTURE OF NEW CONFIGURATION
CALL PICTUR(O, |) o
o IF (NCDS Q. 1)GD TO 2000 |
§ IF(JJ.NE,JJP1)BO TO 2000 b
| 1000 CONT INUE | Lo
700 FORMAT(1H ,//," NODE DROPPED FROM SUBLIMER=ABLATOR MODEL',//)
GO TO 3000 |
2000 CONTINUE ©
WRITE (11N2,2003)ENAMI o
2003 FORMAT(//,1X, 'RUN STOPPED DUE TO INSUFFICIENT ABLATIVE MATERIAL', .
$ ¥ LEFT®,//,1X,'0UTPUT FILE = 1,A20) | !
STOP Lo
3000 CONTINUE i‘
RETURN

END ‘ li
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ORIGINAL, 400,

- OF PGOR QUALJiY
SUBROUT INE COMPEC '

C SUBROUTINE TO.COMPUTE VM.UES OF THERMAL CAPACITORS AND CONDUCTORS
PARAMETER (NW1'20.NW2'5,NW3'3.N1‘94°5, NMBS=40,NMBE=10)
COMMON/CAC/ NEXFG, NI T: XMAS
COMMON/GAR/T1 T2, THY ; THZ, THS, TH, &, H, M1 , M2, M3, ToL., BET, $16, XM,

§ CAP1,CARZ, XK
COMMON/TAX/ TK (NMB2) XX (NMBS)
COMM)N/ TIME/ NNDS, CONY, CRAD, STAB, 188 FG,NCDS
WMWN/ARA/T(Nmﬁ,TO(NE?»).C(NNBS).CD(NWB).lCD(NWN.L(NNBLZ)
sCOMNDNﬁIg?QI':g:TNB‘l;NWZ);XP(NMS?.NWZ;NW“,WWS(NW1.NWZ.NW”;
COMMON /NODES/NN, I.TT,TINIT,TSlNK;FlJ,TMPMAX(NWG)
COMMON/PRESS/PRES
NEXFG=0
DO 176 K=1,NNDS
C(K)=0,0

176 CONTINUE
DO 177 K=1,NCDS
CD(K)=0,0

177 CONTINUE
DO 228 | i=1,NCDS
JJI=ICD(I 1)
IN=LS(T, 0)
Ni=L(1 l.1 )
NZ=L(11,2)
MA=MATS(I,JJ.1)
IFCIN,EQ.6) GO TO 227
IF(JN.EQ.I) 60 TO 225
IF(JN.EQ.'/’ GO0 TO 225
G0 TO 227

25 CONTINUE |

C COMAUTE CAPACITANCE AND CONDUCTANCE OF S$LAB AND ABLATOR NODES
TT=(TO(N1 Y+TO(N2))/2.,0
CALL PROP(TT, PRES, MA, RO, CP, XK, EP)

DI=XX(N2)=XX (N1 )
CTM=D| #R0#CP/2,0
CMAS=D | #R0
IF(NIT.NE.0)CMAS=0,0
XMAS=XMAS+CMAS :
C(N1)=C¢(N1)+CTM
C(N2)=C(N2)+CTM

COC1 1 y=xK/01

GO TO 2286

227 CONTINUE

C LOAD GEOMETRY AND MATER |AL NUMBERS INTO COMMON = GAP
CALL LOAD(!, JJ, N1 ;N2)

ITST=JIN=-1
C COMPUTE EQUIVALENT CONDUCTIVITY AND CAPACITANCE OF ALL
C OTHER STRUCTURES

G0 TO (1,2,3,4,5),ITST

1 CONTINUE
CALL RGAP
60 O 7
e 2 CONTINUE
1. CALL HONEY
i A-10
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G0 T0 7

CONTINUE

CALL CORG

GO T0 7

CONT INUE

CALL STAND

GO T0 7

CONT INUE

CALL THINS
CONTINUE
C(N1)=C(N1)+CAP1
C(N2)=C(N2) +CAP2
IF(NIT.NE,0)XM=0.0

C SUM MASS OF STRUCTURE

226

XMAS=XMAS+XM
CoC1 1 )=xK
CONTINUE
RETURN

END

ORICINAL £ili,
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ORIGINAL PAGE 16
OF POOR QUALITY
 SUBROUTINE COMTMP
C THIS SUBROUTINE COMPUTES THE TEMPERATURES
PARAMETER (NW!*ZO.NW?'B.NWS'S,NNBMB Nﬁﬁﬁ“ﬂ,%ﬁﬂw)
sCSMm%%?/LS(N&B!,NI»BZ’.XP(NVM.N@?.Nréﬂ.MATS(Nmt.Nmz.NMBS).
S
COMMON /NODES/NN, 1, 1T, TINIT, TS INK, F1J, TMEMAX {NMBG)
COMMON/CTMP/TAN, DTSM
COMMON/T IME/KNDS , CONV, CRAD, STAB, | $8FG, NCDS
COMMON/ ARA/T (NMB5 ), TO(NHES) , C (VB3 ), CDINMES) , 1CD(NMES ) , L (NVBS , 2)
COMMON/ SUBLM/TSUB, XL, XL B, EXCHT, NAB, 1 STAR,NDIV, | A, EXCHEY, QAOY.
$ QADVS,TMSY, | DROP
NAG=0
DO 456 Jy=1,NNDS
C CHECK TO SEE IF THIN $KIN SECTIONS EXIST ANYWHERE IN $TRUCTURE
IF(ISBFG.EQ.O)GO TO 615

c
C THIN SKIN LAYER
JM22 =2
JB2e 142
JPi=Jd+1
JM =] =1
IF(JJLEQ.NNDS)IBO TO 599
IF(CD(JJ) BT, 1,0£0)60 T0 01
 IF(JJ.EQ.1160 TO 615
599 CONTINUE
IF(CD(IMI) BT, 1,0E9)G0 TO 610
GO TO 615
601 CONTINUE
C NODE ABOVE THIN SECTION
CC=C{JJI/(CCIP1)+C(IY))
IF(JJ.EQ.1)GD TO 602
I T=NNDS=1
A1=TO(JM1 ) #CD (IMT)
A3=TO(JJ)*CD(JIMT)
IFCJJLEQ. ITIGO TO 603
AZ=T0(JP2) *CD (JP1)
Ad=TO(JJ)*CD(JP1)
GO TO 461
603 CONTINUE
A2=0,0
Ad=0,0
GO TO 461
602 CONTINUE
C THIN SKIN ON SURFACE, NODE ABOVE THIN SECTION
Al=TANACONV+TS | NK #ORAD
A3aTO(JJ) #CONV+TO( JJ) *CRAD
IF(NNDS,EQ.2)G0 TO 604
A4=TO(JJ)*CD(JIP1)
A2=TO(JP2) *CD(JP1)
GO TO 461
604 CONTINUE
A4°0.0
AZ'0.0
GO TO 461
610 CONTINUE
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¢ NODE BELOW THIN SECTION

COSC(JH/(CLIMIIHC(JI))
IF(dJoEQ.2)60 TO 612
AV=TO(JM2) 4CD( IM2)
AB=TO(JJ19CD (JM2)
I-F(J-J.Eg.NNDS)GO T0 613
A2=TO(JP1)%CD(JJ)
A4=TO(JJ)I¥CD(JJ)
G0 To 461

613 CONTINUE
A2%0,0
A4=0,0
60 TO 461

612 CONTINUE

ORIGINAL PAQE 19
QF POOR QUALITY

C THIN SKIN ON SURFACE, NODE BELOW THIN SECTION

A1 aT AW SCONV+TS INK #CRAD
A3aTO(JJ) #CONV+TO (JJ) *CRAD
IF (NNDS . £, 2)G0 TO 614
A2=TO(JP1)4CD(JJ)
Ad=TO(JJ) *CO(J)
GO0 TO 461

614 CONTINUE
A4=0,0
A2=0,0

461 CONTINUE
Fi=(Af+A2)%CC
F2u{AS+A4) %00

6 G0 TO 460

615 CONTINUE
C STANDARD HEAT BALANCE
IF(JJ.NE.1)GO TO 457
C SURFACE NODE
F1=TS [NK#CRAD+TAN #CONV+TO(2) #CD(1)
F2sTO(1)# (CRAD+CONV+CD(1) )
GO TO 460
457 CONTINUE -
IF(JJ.NE.NNDS)GO TO 458
C LAST NODE
JMi=J =1
F1=TO(JM1 ) #CD(JM1 )
F2=TO(NNDS ) #CD (JM1)
G0 T0 460
458 CONTINUE
C GENERAL NODE
JH1=dd-1
JP1ad el
F1=TO(JM1 ) #CD(JM1)+TO(JP1) #CD(JJ)
F2sT0(JJ)#(CD(IMI)+ED(JJ))
460 CONTINUE ‘

| C COMPUTE TEMPERATURES

T(JJ)=TO(JJ)+(F1=F2) #(DTSM/C(JJ))

C CHECK TO SEE IF SUBLIMER TEMPERATURE HAS BEEN EXCEEDED

IF(JJL.NE.1) GO TO 456
IF(LS(1,1).NE,7) GO TO 456
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EXCHT=0,0 ’
IF(T(JJ).LE.TSUB) GO TO 456
NARs{

EXCHT=(T{JJ)=TSUB) #8¢y )

T{J4)=TSUB |
458 CONTINUE
RETURN
END
ORIGINAL PAGE I5¥
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SUBROUTINE CORG ‘

C SUBROUTINE COMPUTES EFFECTIVE THERMAL CONDUCT IVITY, CAPACITY,

C AND MASS OF A CBRRUGATED STRUCTURE
CDMMUN/GAP/T?,TZ,TH1.TH?,TH3;1H,P.H.M1,MZ;MS;TOL;BET;S'G. 1
§ XM, CAP1,CAR2, XK .
COMMON/FACT/XX(10,2),YY(10,2) f
COMMON/SF/AR(10) ,EPP(10),F (10,10 ,A$F (10,10)
COMMON/PRESS/PRES
130=(T14T2) /2.0
T3=T30
CONK=1,0E8
AKC=CONK #2, 0#T1H3
P2=P/2,0
TTiaT9
1T2=T2
TI3=(11412)/2.0
Bi=P2/2,0
B2=TH/2.0
B3=SQRT (B1##2+824#2)
At=pP2

AJ'260“33
VOL=TH1+TH2+(2,0%B3 ) ¥TH3/p2
C START ITERATION FOR MIDPOINT TEMPERATURES
00 100 I=1,100 |
CALL PROP(TTI,FRES, M1 ,RHO1,CP1,XK1,EPP(1))
CALL PROP(TT2,PRES,M2,RH02,CP2,XK2,EPP(2))
CALL PROP(TT3,PRES,M3,RHO3,CP3,XKS,EPP(3))
[F(I.NE.1)GD TO 10}
C SET COURDINATES FOR ENDS OF EACH OF THREE SURFACES FOR
C RADIATION ENCLOSURE
DO 102 11=1,3
EPP(2)=1,0 :
DO 103 JJ=1,2 |
XT=0,0 . 4 '
YT=TH !
'F("oEQoZoANDoJJ‘EQ.‘)YT‘0.0 \ ’ . i
lF("oEQdS.ANDoJJ.EQ“,YT.OOO . £
|F(ll.EQ.‘.AND.JJ.EQ.?)XT’PZ . ' N
IFUH1EQ.3.AND, JJU. EQ, 2)XT=P2 ;
XX (114 dd)=XT ‘ ,
YY(I1,Jd)=YT o
103 CONTINUE g
102 CONTINUE
C FIND GEOMETRIC VIEW FACTORS AND RADIANT INTERCHANGE FACTORS 3
CALL VFAC(3) i
CALL SRIPF(3) .
A2F 23=ASF (1,3) i
Al F13=ASF (1,3) !
101 CONTINUE
AK12XK1#TH1 /B1 ;
AK2=XR24THZ/B1
AK3=XK3#1H3/83 |
C COMPUTE EQUIVALENT CONDUCTOR ]
C1=AK1#AKCHAK3/ (AK1RAKCHAK1 #AK3+AKCRAKS) o
t
7
|
§
¢

C2=AK2%AKCH#AR3/ (AK2#AKCHAK2#AK 3+ AKC#AKS )
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C COMPUTE RADIATION CONDUCTOR
CAmATF 1343 1G# (T{#¥24T3442) 8 (T1+73)
C5=A2F 2345 |B#(T24H24T3#%2) ¥ (12473 )
C ITERATE ON T3
T3N= (T14C{+T29024T1 #044T24C5 ) /(C14024044C5 )
TSsEETHTANG (1,0-BET) 4T3
TEST=ABS (T3-T30)/13
IF(TEST,LT,TOL)GO TO 200
TT3=T3

130sT3
100 CONTINUE
GO TO 300
200 CONTINUE
T12=ABS(T1=T2)
T13=ABS(T1=T3)
C COMPUTE TOTAL HEAT TRANSFER
Q=TI3#(C1+C4) /P2
XK=Q/T12
C OCOMPUTE EQUIVALENT CONDUCTIV(TY
 XM=TH1 RHOT +TH2#RHO2+( 2, 0453 ) ATH3 4RHO3 /P2
C COMPUTE CAPACITORS
CAP1=(VY0L/2,0) #RHO1 #GP1
CAP2=(VOL/2.0) *RHO2¥CE2
300 CONTINUE -
~ RETURN
END
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SUBROUT INE DATA1

C SUBROUTINE TO READ AND STORE THERMOPHYSICAL PROPERTY DATA

4

PARAMETER (NMB1=20 ’ NWZ'G. NW} =3 ,NMB4=6)

PARAMETER (NMB8=41 +NMBO=41 ,NMB6w10,NVE1 1=20,NME 1 2=8)
COMMON/DTA/CC (VBB , MBS ), B8V (NMEB, KB 1, N8 2)
COMMON/CSUB/CES (2, NVE9)

ORIGINAI, PAGE 1" '
F POOR QuALITY

COMMON/LD/LS(NMB1,NMB23 , XP (NMB 1, NMBZ, NMB4 ) , MATS (NMB | »NMB2,NM83),

$ NS(NMB1)
COMMON/T TLE/CHAR2, CHART , FNAMI , FNAM3
COMMON /NGDES/NN, I, TT, TINIT, TSINK, FiJ, TMEMAX (NVES)
COMMON/ INIT/TSTART, TSTOP, TIMPT, OT IM, NBF, NEXT,; METR|C

$ METRIK, METRIX,NSTP, |PFLAS, TINT (NVET ), STNKT (NMB1 ), XF 1 (NMET) ,

§ MBP(NMB1), | IN, 1 IN2

CHARACTER#10 CHARZ (NMBB), TESTS

CHARACTER®#13 CHAR! (NMB6) , TEST2

CHARACTER®20 FNAMI, FNAM3 |

DIMENSION MEST(NMBG),BB(6),ARD(8),ARDS(8) -
OPENCUNIT=8, NAME= ¥ INP1 ,DAT? , TYPE= 10LDY , RECORDS 1 ZE=132)
WRITE(9,703)

DO 471 JJ=1,NMEG

MTST(JJ)=0

CONTINUE

1C=0

NLA=NSC )

C LOOP 1 TO NUMBER OF LAYERS

DO 400 LT=1,NLA

C LOOP 1 TO NUMBER OF MATERIALS PER LAYER(MAX)

100

701
707

b0 500 IM=1,NMB3

MA=MATS ( ';LT‘ IM)

IF(MA,EQ.0)GO TO 500

CONTINU

READ(8,701)KD
FORMAT(13,2x,15,4%,A10,1X,A13,E10,0)
FORMAT (5X, 15,4X,A10,1X,A13)
IF(KD.LT.0)G0O TO 300

C CHECK TO SEE IF MATERIAL NUMBER MATCHES

IF(KD.NE,MA)GO TO 100

BACKSPACE (UNIT=8)

READ(8,701)KD, JD, TEST1, TEST2, TMPMXA
b0 351 KS5=1,NMB6

KSV=K5

C CHECK TO SEE IF MATERIAL HAS BEEN USED

351

IF(MA.EQ.MTST(KS5))GO TO 352
CONTINUE

10= 0+

MTST(1C)=MA

€ RENUMBER MATERIAL INDENTIFIERS

352

353

MATS(I,LT, IM)=IC
TMPMAX (| C)=TMPMXA
GO TO 353

CONT INUE
MATS(1,LT, IM)=KSY
REWIND (UNIT=3)
G0 TO 500
CONTINUE

A-17

L e e b e ewmwme VL w8 et e WY o, . oo g wrvie sSerivmon  mwees e




ORIGHINAL ot [
C STORE TITLES OF POOR QUALITY
CHAR2(IC)=TESTY
CHART (IC)=TEST2
DO 250 IB=1,4
IF(IB.EQ.1)G0 TO 251
C READ TABLE TITLE FOR TABLE 2,3,AND 4
READ(B.?O?)JD,TEST1.TSSTZ
251 CONTINUE
C STORE NUMBER OF ENTRIES
IT=(10=1)%4418
CC(IT,1)=FLOAT(JD)
DO 200 iTT=1,4D ,
READ(8,702) (ARD(MR) ,MR=1,8)
IFC(ARD(1).,LT.0)GO TO 600
(FOITT.GT,1)G0 TO 210 |
C STORE MAXIMUM TEMPERATURE FOR PRINTING IN DESIRED UNITS
[F (METR 1K, EQ. 0) TEMMAX=TMPMAX (1C)-458.,6
IF(METRIK,EQ. 1 ) TEMMAX=TMPMAX(1C) /1.8
IF(IB.EQ.1 LANDJMETRIK,EQ.0IWRITE (9,800)TEST1 ,KD, TEMMAX, TESTZ
800 FORMAT(//,8X,A10,' = MAT NO. ',12,//,! MAXIMUM TEMPERATURE!, 11X,
$ F7.2,' DEG F',//,5X, ' TEMP,*,9X,A13,/,4%, (DEG F)!,8X,
$ '(LBM/CU.FT)1,/)
IF(IB.EQ.1.,AND.METRIK.EQ.1)WRITE(9,801)TEST1,KD, TEMMAX, TEST2
801 FORMAT(//,BX,A10,' - MAT NO. t,12,//,' MAXIMUM TEMPERATURE! , 11X,
$ F7.2,' DEG K',//,5%,VTEMP, 1 ,9X,A13,/,4%, ' (DEG K)1,8X,
$ "(KGM/CU.M,)Y,/) '
IF(IB4EQ.2.AND METRIK.EQ.O)WRITE(9,802) TEST2
802 FORMAT(//.SX.‘TEMP¢'.7X,A13,/.4X.'(DEG F)1,5x, " (BTU/LBM=DEG F)*,/)
IFCIB.EQ.2,AND,METRIK.EQ.1)WRITE(9,803)TEST2
803 FORMAT(// ,5X, ' TEMP, ¥,7X,A13,/,4X, ' (DEG K)¥,4X,
$ *(JOULES/KGM=DEG K)?',/)
IF(1B.EQ.3.AND.METRIK.EQ.O)WRITE(9,804)TEST2
804 FORMAT(//,5X,'TEMP.',7X,A13,/,4X, (DEG F)1,4X,
$ '(BTU/FT~-S-DEG F)!,/)
IF(IB.EQ.3 . AND(METRIK.EQ.1 WRITE(9,805)TESTZ
805 FORMAT(//,5X,TEMP,?,7X,A13,/,4%, 1 (DEG K)f,4X,* (WATTS/M=DEG X)¥,/;
IF(IB.EQ.4 . AND(METRIK,EQ.O)WRITE(9,806)TEST2
806 FORMAT(//,5X,'TEMP,Y,8X,A13,/,4%," (DEG F)¥,4X, (DIMENSIONLESS)Y,/)
IF(IBJEQ.4 . AND,METRIK.EQ.1)WRITE(9,807)TEST2
807 FORMAT(//psx.'TEMP.'.BX.A13./,4X,'(DEG K)*t,4%, ' (DIMENSIONLESS)Y,/)
210 CONTINUE
A=ARD(1)
B=ARD(2)
IF(METRIK,.EQ.0)AAA=A=459,6
IF(METRIK,EQ.1)AAA=A/1,8
BBB=8
IF(METRIK.EQ.1.AND, IB.EQ.1)BBB=B#*16,018067
IF(METRIK,EQ.1.AND, IB.EQ.2)BBB=B*4187,.6
IF(METRIK.EQ.1.AND. 1B.EQ.3)BBB=B#6228,%43
WRITE(9,705)AAA, BBB
705 FORMAT(1X,E12.4,3X,E12.4)
Ki=|TT#2
K2=K {41
C STORE INDEPENDENT AND DEPENDENT ARRAYS
CCUIT,K1)=A
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CC(IT,K2)=8
200 CONTINUE

G0 70 250

600 CONTINUE

C BIVARIAT TABLE
[ARDS=IFIX{=ARD (1))
IF(METRIK.EQ.1)G0 TO 505
WRITE(Q,BOG)(ARD(MR);MR‘Z,IARDS+1)

ORIGINAL, FAGT T ,
OF POOR QUALITY 1

808 FORHAI(//éSBX.'CDNDUCIIVITY‘./ 33X, ! (BTU/FT=8-DEG F)!,

$ //,5%, TEMP,
$ 7(4X,F7.2,2X))
GO TO 610
605 CONTINUE
D0 608 MR1=2, | ARDS+1
606 ARDS(MR1)=ARD (MR1)#*47,88

WRITE (9,809) (ARDS (MR) ,MR=2, | ARDS+1 )

PRESSURE (LB/$

oFT",/.“X.'('DEG F’ 'p

809 FORMAT(//ussx.'CONDUCTIV!TY‘,/.33X.'(WATTS/M-DEG K)*,

$ //,5%, VTEMP,
$ 7(3%,F9.2,1x))

610 CONTINUE
WRITE(9,810)

810_ FORMAT (13X, 1)

C STORE NUMBER OF PRESSURES
CC(IT,2)=ARD(1)
NARD==-ARD (1)+2

C STORE PRESSURES

Do &01 iKS=3.NPRD

IMl=KS~1

CC(IT, IKS)=ARD(IM1)

CONT INUE

NSTR=NARD+1

N$S=NARD=~2

C READ REST OF BIVARIAT TABLE
DO 602 16=1,4D
READ(8.702)(ARD(MR),MRﬂi.IARDS*l)
DO 620 MKR=1, | ARDS+}
lF(METRIK.EQ.O)ﬁRDS(1)'ARD(1)-459.5
IF(METRIK.EQ.1)ARDS(i)'ARD(l)/l‘e
ARDS (MKR )=ARD (MKR )

IF(METRIK,EQ. 1)ARDS (MKR ) 2ARD (MKR ) #6231, 1
CONTINUE

WRITE(Q,Bii)(ARDS(MKR).MKR°1;IARDS+1)
811 FORMAT(8(2x,E11.4)) :
C SAVE TEMPERATURES
CCUIT,NSTR)=ARD (1)
NSTR=NSTR+1{
DO 603 17=1,NS$
S YALINLD
C SAVE DEPENDENT VARIABLE
BSV(IT,16,17)=ARD(171)
603 CONTINUE
602 CONTINUE
250 CONTINUE

READ(B.?O!,END’iOOO)KDS;JD,TESTi.TEST?.TMPMXA
IF(KDS.NE,KD)GO TO 1000

601

620
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C STORE TWO ABLATOR EROFERTIES OF P
DO 1100 IM2s1,2
CCS(IM2,1)sFLOAT (D)
[FCIM2.EQ. 1 AND. NETRIK, EQ. 0)WRITE (9,830)TEST2
830 spg§gég<é§g4;;'Pﬂsssuae'.sx,Ais./.sx.'tua/so.rf>'.ex,
» " l
lF(IM?.EQ.i.AND.METRIK.Eg.i)WRITE(Q.GSi)TESTZ
831 FORMAT(//,4X, ' PRESSURE ,5X, A13,/,4X, 1 (N/SQ.M) 1, 7X,
$ 1(DEG KJ',/) |
LF(IM2.EQ. 2. AND. METRIK,EQ.DIWRITE(9,832) TESTZ
- 832 FORMAT(//,dX, ' PRESSURE!,5X,A13,/,3X, ! (LB/SQ.FT) 15X,
$ "(BTU/LBM)Y,/) '
IF(IM2,EQ. 2, AND, METR (K, EQ. 1 JWRITE(9,833)TEST2 o
833 FORMAT(//,4X, 'PRESSUREY ,8X, A13,/,4%, ' (N/SQ.M) 1, 5X,
$ '(JOULES/KGM)1,/)
DO 1101 (TT=1,JD
READ(8,702)A,B
_ IE(METRIK. EQ. 0 AAf =A
o IE(METRIK. EQs 1 ) AAT =A%47 .88 |
-, I£CIM2.EQ. 1 AND. METR K. EQ.0)BE1 =B~459.6
lF('moEQQZQANDQMETR'KCEQOO)BB1.B
IFCIM2,EQ. 2, AND.METR IK, EQ. 1 )BB1 =B%2326 .4
WRITE (9,705)AA1 , BB o
Ki=|TT#2 | .
K2eK 1+ o
COS( (M2, K1)=A o
1101 CONTINUE . -
, READ(8,701 KD, Jb, TEST1, TEST2, TMPMXA o
. 1100 CONTINUE Co
1000 CONT INUE
REWIND (UNIT=8) 1
GO TO 500 ' |
300 CONTINUE o
WRITE(S,708)MA .
B 708 FORMAT(1H ,'MATERIAL NUMBER',3X, I5,3X, 'CANNOT BE FOUND.!)
5 REWIND (UNIT=8)
| 60 TO 500
N 500 CONTINUE o
SRR 400 CONTINUE o
; REWIND (UNIT=8) s
= 702 FORMAT(SX, BE10.0) .
z 703 FORMAT(1H{,10X,11HT AB L E §)
CLOSE(UNIT=8, STATUS= 'KEEP! ) | :
EETURN !
ND .
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o o
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SUBROUT INE DATA2(LBPF)
C  SUBROUTINE TO READ AND STORE ENVIRONMENT FROM LANMIN FILE (UNIT 7)
PARAMETER (NMS10w100, NMB1=20) |
COMMON/ INIT/TSTART TSTOP;T!MFT,DVIM,NBP.NEXT;M&TRIC,
$ METRIK,METRIX, NST .IPPLAB.TINI(NMB1),SINKT(NMB1).XFIJ(NME?),
§ MBP(NMB1Y, I IN, | IN2
COMMUN/ENVIR/TM!(NMBIO).HC!(NMB10).HAM1(NMB10).FRESi(NMBlO)
CHARACTER*72 DESCRP
WRITE(9,666)
666 FORMAT (1M1}
100 CONTINUE
1C=0
READ(7;7°O. END=1 OOO)DESORPy IBP
700 FORMAT(A72, I5)
C CHECK FOR CORRECT BODY POINT NUMBER
(F(IBP.EQ.LBP)GO 1O 900
CONT INUE
READ(?,701)01,D2,03,04
701 FORMAT(ZXQF66‘ .3”'5’ 003.2X'E1 0.3536’(,510.3’
~ IF(D1.LT.0.0)60 TO 100
GO TO 50
900 CONTINUE
lF(METRlC.EQ.O)WRITE(Q,?BO)IBP.DESCRP
750 FORMAT(1H , TBODY POINT NUMBER = ‘.|5.5X;A72.//.10X"TEME',QX.
$!FILM COEF,!,8X, 'REC ENTHALPY! ,6X, ' PRESSURE! ,/,10X, * (SEC) !,
$6X,'(LBM/SO.#T-SEC)'.4X.‘(BTU/LBM)'.6X.'(LBP/$Q.FT)'./)
IF(METRlC.EQ‘i)WRlTE(Q.GBO)IBP.DESGRP
850 FORMAT(1H ,"BODY POINT NUMBER = ‘,l5.5X.A72://.10X.'TIME'.QXb
$'FILM COEF,!,5X, 'REC ENTHALPY?, 8X, ' PRESSURE' ,/, 10X, * (SEC) T,

$7X.'(KGM/SOM-SEG)',4X,‘(JOULES/KGM)';BX.'(N/SO.M)'./)
901 CONTINUE

[Cs |OH
C READ LANMIN DATA

READ(?,?Oi)TM1(IC);HC1(IC).HAW1(IC).PRES1(IO)

IF(TMl(lC).GE;0.0)WRITE(9.751)TM1(lC).HC?(IC).
$HAW1(1C),PRES1 ¢ 1C) -

IF(METRIC,EQ.0)G0 TO 500
HC1(1C)=HCT (16)/4.8824
HAWT (1C)=HAW1(1C)/2,32456E3
PRES1 (1C)=PRES1(1C) /47,88
500 CONTINUE
751 FORMAT(1H ,4(6X,E10.4))
IF(TMI (1C).GE,0,0)60 TO 901
REWIND (UNIT=7)
GO 70 1001
1000 CONTINUE
WRITE(9,752)LBP

732  FORMAT(1H , *CANNOT FIND BODY POINT ',15)
1001 CONTINUE

RETURN
END
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SUBROUTINE DIST(I1,41,12,42,D)
SUBROUTINE TO COMPUTE DISTANCE BETWEEN TWO POINTS GIVEN
COORDINATES XX((,d),YY{l,J)

| = SURFACE NO

J =1 O0R 2 END POINTS

COMMON/FACT/XX(10,2),7¥(10,2)

X1eXX(11,J1)

YiaYY((1,41)

X2eXX (12, J2)

Y2aYY(12, 2)

D=SQRT( (X1=X2) #424(Y14Y2) #42)
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ORIGINAL PAGT. [,
OF POOR QUALITY

“".‘ 'v&.,,

SUBROUT INE HEATN(T IME ,HC, HAW, PRES, ISV)
C THIS ROUTINE DETERMINES FILM COEFFICIENT,ADIABATIC WALL ENTHALPY,
C AND PRESSURE AS A FUNCTION OF TIME
) PARAMETER (NME1D=100) |
??Mr;igc/mv IR/TMI (NMB10) ,HCT (NMB10) ,HAW T (NME310),PREST (NMB10)
100 CONTINUE
129141
. IF(TMI (12) .GT.TIME)GO TO 50
[{mi141
60 TO 100
50  CONTINUE
T
DTsTMI (12)-TMI (1)
DINC=(TIME=TMI (11))/0T
HO=HCT (1 1)+(HCT(12)=HCI(11))*DINC
HAWSHAWS (1 1)+ (HAWT (12)=HAWT (1) )*DINC
PRES<PAES1 (11) 4(PREST (12)+PREST (11))DINC

END

[
:
)
{
i
{
i
!
!
i
|
8
o
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SUBROUT INE HONEY {

C SUBROUTINE TO COMPUTE EQUIVALENT THERMAL CONDUCT IV ITY,; CAPACITY,

C AND MASS OF HEXAGONAL HONEYCOMB STRUCTURE
COMNDN/GAP/T‘.Y?.TH‘ .THZ. THS'TH' P; H‘ M1 'W.MB’TOLJBET' S 'G’

$ XM, CAP1,CAP2,XK
COMMON/PRESS/PRES "
F12=,1 “
F13=,9

C SET GEOMETRIC PARAMETERS

DaH#3,0/(2,048QRT(3,0))

CPFTZ’Z«O*SQRT(S.O)/(H**Z’S.O)

WPFT2=CPFT2%3,0 e E
OWAL=D*2,0/3.0 ORIGINAL PAGE ‘““',
VOL® (TH1+TH2) +WPFT2% (THATH3 #OWAL ) OF POOR QUALITV
Al=(D/3.0%4/2,0)/2.0

A2=A1

A3=DWAL *TH

T3a(T1+T72)/2.0

CON=1,0E8

CONK=CON*DWAL #TH3

T30=13

DO 100 1=1,100

CALL PROP(T1,PRES,M1,RHO1,CP1,XK1,EP1)

CALL PROP(T2.PRES,M2;RH02,CP2,XK2,EP2)

CALL PROP(T3,PRES,M3,RHO3,CP3,XK3,EP3)

C COMPUTE RADIANT INTERCHANGE FACTORS

Fl=(1,0/A1)%(1,0/EP1=1,0)

F2=(1,0/A3)#(1,0/EP3=1,0)

F3=1,0/ (A1 #F13) |
A1F1321,0/ (F1+F24F3) ,
F2=(1,0/A2)%(1,0/EP2=1,0) :
F3=1,0/(A1%F12) ~
AIF12=1,0/ (F14F24F3)

C SET CONDUCTORS . b
C1=4,0%TH1#5,0%DWAL #XK1/H i
C2=C1#XK2/XK1 o
C3=22,0%XK3*TH3*DWAL/TH :
XC1=C1*CONK*C3/ (C1#CONK+C14C3+CONK #C3) ‘
XC2=C2*CONK*C3/ (C2*CONK+C2%C3+CONK*C3) i
R1=2,0%A1F 138G |G#(T1 ##24TA#%2) #(T14+T3) '
R2=2,0%A1F 13#5 |GH(T2##24T3##2) #(T14+13) Lo
R3=2.0*A1F12*SIG*(T1?*2+T2**2)*(T1+T2) o

C ITERATE ON CELL WALL TEMPERATURE = T3 o

' TIN=(T1#(XC1+R1)+T2#(XC2+R2) )/ (XC1+R1+XC2+R2)
T3=(1,0-BET) #T3+BET*T3N
TEST=ABS(T3=T30)/T3
IF(TEST.LT.TOL)GO TO 200 ‘
T30=T3
TT3=T3
100 CONTINUE
G0 TO 300 v
200 CONTINUE
T12=ABS(T1=T2)
T13=ABS(T1=T3)
C COMPUTE TOTAL HEAT TRANSFER
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Q2 (T 2#R34T13%(R2+XC2) ) MWPFT2
c oomws/g?goumw ITY,MASS, AND CAPAC!ITANCE
XM= THT *RNOT +TH2*¥RHOZ+RHO3 #WPFT 2 W TH#TH3 *DWAL.
CAP1={VOL/2,0) #RHO1.4CP{
CAPZ=(VOL/2,0) #RHOZ#CP2
300 CONTINUE
RETURN
END
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OHIGINAL PAGE (4
OF POOR QUALITY

L%
_ SUBROUT INE ' INFGEQ
C SUBROUTINE FOR INTERACTIVE INPUT OF DATA FOR EXITS CODE
(8 INCLUDES INTERACTIVE INPUT OF STRUCTURES
PARAMETER (NMB1~20,NMB2=6, NMB2=3  NMB4=5 , NMBG=10,NM37#100)
COMMON/GAP/T1,T2,THY , TH2, TH3, TH, P, H, M1 , M2, M3, TOL , BET, S 16, XM,
$ CAP1,CAP2, XK
COMMON/ INIT/TSTART, TSTOR, T IMPT, DT IM, NBF, NEXT, METRIC
$ METRIK.METRix.NsTP.tPFLAa.TmuNw),SlNKT(an.x%lJ(N&Bn,
$ MBP(NMB1), I IN, | IN2
COMMON/T IME/NNDS, CONV, CRAD, STAB, 1 SBFG, NCDS 4
séommn/t.o/gu)eml.NM),XP(NW,NVBZ.NNBM.MATS(NW,Nhﬁz.NNBs).
' NS(NMB1
COMMON/PICT/NNIS(NVB1 ,NMB2)
COMMON/TITL2/ CHAR3
COMMON/T I TLE/CHAR2 , CHART , FNAM1 , FNAM3
CHARACTER*20 CHAR(7),FNAMI ,FNAM2, FNAM3
CHARACTER#*10 CHAR3 (NMB7),CHAR2 (NMB6 )
CHARACTER¥*13 CHAR1 (NMB6)
: INTEGER ANS1,ANS2,ANS4,ANS5,ANS6,ANST,ANS8,ANSD, ANS1 0, STRFLG
: DATA CHAR/
y 1 'SLAH ',
2 'RADIAT ION GAP '
3 '"HONEY COMB '
4 'CORRUGATED ‘,
5 Y2 STANDOFF ',
6 'THIN SKIN ',
. ? 'ABLATOR SUBLIMER 1/
= 9  WRITE(IiN2,10)

- 10 FORMAT(1H , 'WHAT IS THE MINIVER INPUT DATA FILE NAME 7!)

' READ(I IN, 20, END=1234) FNAM2

: 20  FORMAT(A20)

. OPEN(UNIT=7, NAME=FNAM2, TYPE= '0LD! , ERR=9, RECORDS | ZE=80)

5 22 WRITE(1IN2,23)

' 23 FORMAT(1H ,'WHAT IS THE STRUCTURE FILE NAME %)

: READ (1IN, 20,END=1234) FNAM3

) WRITE(11N2,30)

g 30  FORMAT(1H ,"WHAT IS THE NAME OF THE OUTPUT FILE ?2')
READ(| IN, 20, END=1234) FNAMI
OPEN(UNIT=9, NAME=FNAM1 , TYPE= *NEW" , ERR=22, RECORDS | 2E=132)

c DEFAULT VALUES FOR CONTROL PARAMETERS
DT IM=10,0

$TAB=2,0

ToL=,001

BET=0,5

NEXT=20

NSTP=3000

| PFLAG=1

METRIC=0

" METRIK=0

1 METR | X=0

. c .

! C SET INITIAL,FINAL,AND DELTA PRINT TIMES
- 40  WRITE(IIN2,50)

: 50 FORMAT(1H ,'WHAT IS THE INITIAL TIME(SEC) 7')
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READ(I IN, %ERR=40,END=1234) TSTART
60  WRITE(IINZ,70)

70 FORMAT(IM ,"WHAT I8 THE FINAL TIME(SEC) 21) ORIGINAL PAGE 13
READ(| IN, %, ERR®60, END=1234) TSTOP OF POOR QuUALITY
80  WRITE(IN2,40)

90 FORMAT(AH ,"WHAT 1S THE TIME(SEC) BETWEEN PRINTOUTS 71) ‘
READ(| IN, ¥, ERR=B0, END=1234)T.IMFT

100 WRITE(IIN2,110)

110 FORMAT(1H ,'DO YOU WANT TO RESET CONTROL PARAMETERS ?1)
READ(IIN,120,ERR"100, END=1234) ANS|

120 FORMAT (A1) |

130 FORMAT(E20.10)

140  PORMAT(110)
IFCANST NEJ 1HY)GO TO 150

c L1 1] LU L LT T T Y T Y P yspness

RESET CONTROL PARAMETERS '{
160 WR|TE('|N2.170)DT|M

170 FORMAT(1H , "RESOLUTIONs DEFAULT = *,F4,1,! NEW VALUE = 1) )
READ(1IN, 130, ERR= 160, END=1 234) Af
IF (A1 BT, 00001 )DT | MeA
180 WRITE(I INZ,190)STAB
150 FORMAT(1H ,'STABILITY: DEFAULT = 1,F3.1, NEW VALUE = )
READ(I IN, 130, ERR= {80, END=1234) A2
IF (A2,6T.,00001 ) STAB2A2
206 WRITE(IIN2,210)ToL
210 FORMAT(IH , ! ITERATION TOLERENCE: DEFAULT = 1,F4.3, NEW VALUE = )
READ( 1 IN, 130, ERR=200, END=1234) A3
[F(A3.6T. 00001 )TOL=A3
220 WRITE(I INZ,230)BET
230 FORMAT(1H , FRELAXATION FACTOR: DEFAULT = #,F3,1,1 NEW VALUE = )
READ(| IN, 130, ERR=220, END=1234) Ad
IF(A4,GT..00001 )BETwAd
240 WRITE(IIN2,250)NEXT
250 FORMAT(1H , FNUMBER OF STEPS BETWEEN PARAMETER CALG.: DEFAULT = "i2, !
$ ' NEW VALUE = f)
READ(1 IN, 140, ERR=240, END=1234)K 1
IF (K1.GT.0)NEXT=K]
260 WRITE(!IN2,270)NSTP
270 FORMAT(1H , 'MAXIMJM NUMBER OF |TERATONS: DEFAULT = 1,14,
$ ' NEW VALUE = 1) :
READ(I IN, 140, ERR=260, END=1234)K2 ,
1£(K2,GT.0)NSTPaK 2
WRITE () IN2,278)
278 FORMAT(/,
$ 16X, 'ENGL I SH(DEFAULT) ", 5, 'METRICY , /7,
$ 1X, "LENGTHY, 0%, ' INGHES!, 15X, M}, /,
$ 1X, 'ENERGY?, 9X, 'BTUY, 18X, ' JOULES' , /,
$ 1X, 'MASSY, 11x, I LEMT, Tex, fkaM?, 7/}
275 WRITE(IIN2,277)FNAM2 ,
277 FORMAT(1H , PARE THE UNITS OF *,A20," IN ENGLISH OR METRIC 7)
READ( | IN, 120, ERR=275, END=1234) ANSB
IF (ANSB,EQ. 1 HM)METR | G=
281 WRITE() IN2,282)

282 FORMAT(1H ,'00 YOU WANT OUTPUT DATA IN ENGLISH OR METRIC ')

O
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ORIGINAL int'i‘tsa
READ(| IN, 120,ERR=281,END=1234) ANSS OF POOR QUALITY

IF (ANSB,EQ, 1HM)ME TR | K=1
WRITE (I IN2,264)

284 FORMAT(1H ,'DD YOU WANT INPUT DATA IN ENGL ISH OR METRIC ?1)
READ(1IN, 120,ERR=283 , END=1234) AN3B
IF(ANSB .EQq THM)METR | X1

280 WRITE((IN2,290) ‘

290 FORMAT(1H ,'DO YOU WANT ADDITIONAL PRINTOUT 21)
READ(1IN,120,ERR=280, END=1234) ANS?
IF (ANS7 EQ. 1HY ) | PFL AG=0

~
oo
L

END OF CONTROL PARAMETER LOOP

'c L2 2 1 1 71 3 LA 2 1 1 ) ..‘-.---.-------.--.--.----.-.-.-ﬂ.---

150 CONTINUE
300 CONTINUE
310 WRITE(IIN2,320)
320 FORMAT(1H ,'WHAT IS THE TOTAL NUMBER OF BODY POINTS 1)
READ(| IN, %, ERR310, END=1234) NBP
|F (NSP, GT. NMB1 )WRITE (| IN2,330) o
330 FORMAT(1X, 'ERROR-==NUMBER OF BODY PTS, EXCEEDS DIMENSIONING')
IF(NBP,GT.NMB1)GO TO 300
DO 1000 (B=1,NBP
C_DEFINE STRUCTURE AND INITIAL CONDITIONS FOR THE CURRENT BODY POINT
340 CONTINUE
IFCIBLEQ. 1)WRITE (I IN2,350)
IF(IB.NE, 1)WRITE(IIN2,360)
360 FORMAT(1H ,'YWHAT IS THE NEXT BODY PT. NUMBER 7')
350 FORMAT(1H ,'WHAT IS THE BODY POINT NUMBER 7!)
READ( ! IN, %, ERR=340, END=1234)MBP( |B)
IF(IB.EQ.1)GO TO 370
C IF STRUCTURE SAME AS FOR PREVIOUS B.P. USE SAME DATA
390 WRITE(IIN2,380)MBP(1B),MBP( (B=1)
380 FORMAT(IH , 'DOES 5ODY PT, ',15,' HAVE THE SAME DATA!,
' REQU/<EMENTS AS BODY PT, 1,15, 11)
READ(1 IN, 120,ERR=390, END=1234) ANS5
IF(ANS5.EQ. 1HY)GO TO 690
370 CONTINUE
C RESET TIME OR CONTROL PARAMETERS ?
c YES(Y) = RESET TIMING PARAMETERS
¢ TIME(T) = RESET TIMING PARAMETERS
c CONTROL(C) = RESET CONTROL PARAMETERS
410 WRITE()IN2,420)
420 FORMAT(1H ,'DD YOU WANT TO RESET THE TIME OR CONTROL °,
$'PARAMETERS 71)
READ( I IN, 120, ERR=410, END=1234) ANS6
IF(ANSE ,EQ. 1HY)GO TO 40
IF (ANS6 . EQ. 1HT)GO TO 40
IF (ANS6 .EQ. 1HC)GO TO 160
C DEFINE INITIAL TEMPERATURE DATA FOR BODY POINT
430 WRITE(IIN2,400)MEP(1B)
400 ngRgArs;H »'WHAT IS THE INITIAL TEMPERATURE OF BODY PT, !
15, 7
READ(! IN, %, ERR=430, END=1234)TINI (1B)
IF(METRIX,EQ.0)TINI (1B)=TINI (1B)+459.6
IF(METRIX,EQ. 1)TINI (1IB)=TINI(1B)*1.8
440 WRITE()IN2,450)MBP(1B)

4
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|
s 450 57?“?‘;f}" , YWHAT 18 THE SINK TEMPERATURE OF BODY FT, ¥,
’
| READ( | IN, %, ERR=440,END=1234) SINKT (1B)
i IF(METRIX.EQ.0)SINKT{IB)®SINKT (18)4455,8
P IF(METRIX,EQs1)SINKT(IBY=SINKT(IB)*] .8
i 460 WRITE(1IN2,470)MBP(IB) y
; 470 FORMAT(1H ,'WHAT IS THE VIEW FACTOR FOR BODY PT, ',15,! 11) ‘
i READ(! IN, %, ERRm460,END=1234)XF 1 J(IB)
STRFLG=0
C OEFINE STRUCTURE
472 WRITE(I1IN2,473)MBP(1B) |
/ 473 FORMAT(1M ,'DOE$ THE STRUCTURE FOR BODY PT, !,185, :
I $ ' EXIST IN THE STRUCTURE FILE %) : !
; READ(| IN, 120,ERR=472,END=1234) ANSS :
C OBTAIN STRUCTURE DATA FROM STRUCTURE EILE
IF (ANSY .EQ. 1HY)CALL STRUCT(1,18)
| F(ANSS ,EQ. 1HY)GO TO 830
474 WRITE(IIN2,475)M8P(1B) , .
475 FORMAT(1H ,f0O YOU WANT TO ADD THE STRUCTURE FOR 8ODY PT, ¥, ' =
| $ 15, TO THE STRUCTURE FILE 71) :
READ(1IN,120,ERR=474,END=1234) ANS10
IF(ANS10,EQs 1HY ) STRFLG=1
480 CONTINUE
: C DEFINE NUMBER OF LAYERS
! 490 WRITE(IIN2,500)MBP(1B)
% 500 FORMAT(1M ,'HOW MANY LAYERS AT BODY PT. +,15,' ")
READCI IN, *, ERR=490 ,END=1234)NS( IB) \
IECNS(IB) GT NMB2)WRITE( | IN2,510) | | |
510 FORMAT(1X,'ERROR-=~NUMBER OF LAYERS EXCEEDS ARRAY DIMENSIONING') NI
IF(N$C1B) ,GT.NMB2)GO TO 480 . .
C LOOP 1 = NUMBER OF LAYERS , !
00 2000 KK=1,NS(1B) | |
C DEFINE STRUCTURE TYPE AND DIMENSIONS FOR EACH LAYER : '
520 WRITE()IN2,530) !

530 FORMAT(////,! STRUCTURE TYPE = « = NUMBER ',//, ; !
$ ' SLAB 1 '/, i
$ ' RADIATION GAP 2 Y,
$ ' HONEYCOMB o3 "W, !
$ ' CORRUBATED 4 4/,
$ ' 2 STANDOFF 5 %W, ,
$ ! THIN SKIN 6 sl ,
$ ' ABLATOR SUBLIMER 7 N

540 WRITE () IN2,550)KK,MBP{1B)
550 FORMAT(1H ,'WHAT 1S THE STRUCTURE TYPE NUMBER !,
$  YFOR LAYER *,12,! OF BODY PT. !,15,¢ ?")
‘ READ(I IN, ¥, ERR=540, END=1234)LS( IB,KK)
G0 T0(560,570,580,590,600,810,620),L8(18,KK) s
560 WRITE()IN2,630)KK,MBP(18) .
: READ( | IN, ®, ERR=560, END=1234)MATS(1B,KK, 1) ,XP(1B,KK, 1) :
. GO TO 640
570 CONTINUE
DO 3000 LLL=1,2
650 WRITE(IIN2,660)LLL,KK,MBP(IB) 1
READ(1 IN, %, ERR=650, END*1234)MATS (1B, KK, LLL) ,XP(IB,KK,LLL) g
3000 CONTINUE e

e N

—— -y e e W
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ORIGINAL PAGE 15
F POOR QuALITY

670 WRITE(!IN2,680)KK,MBR((18B)
680 FORMAT(1H ,'WHAT |S THE STRUCTURE NEIGHT FOR LAYER f,
$ 12, OF BODY PT, *,15,! 71)
READ(!IN, %, ERR=670,END={234'XP(1B,KK,4)
GO TO 640
580 CONTINUE
00 4000 LLL=1,3
680 WRITE(1IN2,660)LLL,KK,MEF(18)
READ({ IN, %, ERR=690,END=1234)MATS (I8, KK, LLL),XP(18,KK,LLL)
4000 CONTINUE
700 WRITE(IIN2,710)KK,MBP(IB)
READ(I [N, #,ERR=700, END=1234)XP( I8,KK,4) ,XP(1B,KK,6)
GO TO 640
590 CONTINUE
DO 4500 LLL=1,3
720 WRITE()IN2,660)LLL,KK,MBP(1B)
READ(!IN, #,ERR=720,END=1234)MATS (1B,KK,LLL) ,XP(IB,KK,LLL)
4500 CONTINUE
730 WRITE(IIN2,740)KK,MBP(1B)
READ(IIN, *,ERR=730,END=1234)XP(1B,KK,4) ,XP(IB,KK,5)
60 TO 640
600 CONTINUE
DO 5000 LLL=1,3
750 WRITE(|IN2,660)LLL,KK,M8P(I18)
READ(IlN,*,ERR‘?SO.ENDﬂ1234)MATS(IB,KK.LLL).XP(UQ.KK,LLL)
5000 CONTINUE
760 WRITE(1IN2,770)KK,MBP!1B)
READ (1IN, *, ERR=760,END=1234) (XP (1B, KK, LLL+3),LLL=1,3)
GO0 TO 640
610 CONTINUE
780 WRITE(IIN2,630)KK,MBP(1B)
READ(1IN, %, ERR=780,END%1234)MATS (I8,KK, 1) ,XP(18,KK,4)
GO TO 640
620 CONTINUE
790 WRITE(IIN2,630)KK,MBP(1B) :
READ(1IN, *, ERR=790,END=1234)MATS(1B,KK, 1) ,XP(1B,KK,1)
GO TO 640
630 FORMAT(1H ,'WHAT 1S THE MAT. IDENTIFIER AND THE MAT.!,
$ ! THICKNESS',/,' FOR LAYER ',12,! OF BODY PT, !,15,! 1)
660 FORMAT(' WHAT IS THE MAT. IDENTIFIER AND THICKNESS OF MAT, ¢,
12,/,' FOR LAYZR ,12,' OF BODY PT, *,15,' %)
710 FORMAT(1H , 'WHAT IS THE STRUCTURE HEIGHT AND CELL DIMENSIONS',
' OF LAYER ',12,' OF BODY PT, 1,15, 1)

oy

740 FORMAT(7H ,'WHAT IS THE STRUCTURE HEIGHT AND PITCH FOR LAYER !,

$ 12,* OF BODY PT, ,15,' 21)
770 FORMAT(1H ,'WHAT 1S THE STRUCTURE HEIGHT,PITCH,AND FLANGE',

$ ! WIDTH FOR LAYER !,12,' OF BODY PT, *,I5,f ")
640 CONTINUE
800 WRITE(IIN2,665)KK,MBP(IB)
665 FORMAT(1H ,'ARE THERE ANY CORRECTIONS FOR LAYER !,

$ 12,' OF BODY POINT *,15,' ?1)

READ(| IN,810,ERR=800,END=1234)ANS2
810 FORMAT(A1)

IF(ANS2,EQ. 1HY)GO TO 520

2000 CONTINUE /% CONTINUE WITH NEXT LAYER -
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830 CONTINUE

C OBTAIN MATERIAL NAMSS TO

840
850

855

910
g11

C DISPLAY PICTURE

860

IF(IB.GT,1)G0 TO 8585

ORIGINAL Pron 1y
OOR QuUALITY

MATCH MATERIAL NUMBERS(USED By PICTURE)

OPEN(UNIT'S.NAME"lNPl.DAT'.TYPE"OLD'.RECORDSIZE“132)
6000 CONTINUE

READ(8,840)MNUMB

IF (MNUMBLEQ.0)G0 TO 6000
IF(MNUMB.LT,0)GO TO 850
BACKSPACE (UNIT=8)

READ(8,840)MNUMB, CHARS (MNUMB )

FORMAT(13,11X, A10)
GO TO 6000
CONTINUE

REWIND (UNIT=8)

CLOSE(UNIT=8, STATUS= IKEEP! )

IF (ANS9.EQ. 1HY)GO TO 911
CONTINUE

00 910 INCI=1,NMB2

DO 910 INC2=1,NMB4
lF(METRIXcEQ.O)XP(IB.INCI.I
lF(METRIX.EQ.i)XP(lB.lNCi,l
CONT INUE

CONT INUE

CALL PICTUR(S, IB)
WRITE(IIN2,870)MBP(1B)

NC2)=XP (18, INC1, INO2)/12.
NC2)=XP (1B, INC1, INC2)/2.,54/12.

OF COMPLETE STRUCTURE ON SCREEN

870 FORMAT(///,1H ¢'ARE THERE ANY CORRECTIONS FOR BODY PT, 1,15,! 1)
READ(|IN,810,ERR=860, END=1234) ANS4
7

IF(ANS4 .EQ. 1HY)GO TO 370

C ADD STRUCTURE TO STRUCTURE FILE
lF(STRFgg.EQ.i)CALL STRUCT (2, 18)

890

C BODY POINT THE

8000

9000
7000

820
1000

G0 To 8
CONTINUE

TINICIB)=TINI(IB=1)
SINKT(1B)=SINKT(1B~1)
XFIJCIB =XF1J(1B=1)
NSCIB)=NS(1B=1)

DO 7000 KKKK=1,NS(1B=1)
LS(1B,KKKK)=LS( 1B=1,KKKK)
DO 8000 LLLL=1,5

IF STRUCTURE FOR BODY FOINT MATCHES STRUCTURE FOR PREV IOUS
N USE SAME STRUCTURE DATA

XP(IB.KKKK.LLLL)'XP(IB-!.KKKK.LLLL)

CONTIN:'E

DO 9000 MMMM=1,3

MATS (18, KKKK, MMMM) =MATS ( | B~1
CONT INUE

CONT INUE

IF(ANS5.EQ. 1HY)6O TO 911

GO TO 830

CONT INUE

CONT INUE

»KKKK , MMMM)

/% CONTINUE WITH NEXT BODY POINT
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880
1234

WRITE (| IN2,880)
FORMAT(//,1X,!
RETURN

OONT INUE

STOP

END

MODEL COMPLETE = = = = = = GONE TO EXECUTE!)

ORIGINAL FACE (8
OF POOR QUALITY
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ORIGINAL PRGE [y
OF POOR QuALITY |
SUBROUTINE INTE(X, F,N, Y) ‘

SUBROUT INE-TO INTERPOLATE MONO AND B(VARIATE TABLES FOR PROPERTIES
PARAMETER (NMBE=41 , NMBOw41 , NMB1 1820, KHB1 208
. COMMON/BTA/EC(NEE, NVED) , BSV (NVES, W1 1, NvB1 2)
CHECK 10 SEE IF TABLE IS BIVARIATE ,‘
IF(CC(N,2) oL T:0.0)60 TO 2000
MONOVARTATE INTERPOLAT (ON ~ DATA STORED (N EE(N, )
. JnCC(N, 1)
Jmia2
XL ST=CC(N, 2)
XHSTSCO(N. 41)
IF (X, EQ.XLSTIGO TO 700
IE(XoLT XLST)G0 TO 100
IF(XLGT.HST)G0 To 200

500 CONTINUE
IF(CCIN, JT)«X)300,600,400
300 CONTINUE
JTayT+2
60 To 300
400 CONTINUE
Ni=dTe2
NZ=N1+1
N3=JT
N4=N3+1
GO TO 90¢ o
600 CONTINUE >
NTeJT+ o
Y=CC(N,NT) T
. G0 TO 1000 ‘
¥ 700 CONTINUE :
& Y=CC(N,3) L
60 To 1000 - - o
; 100 CONTINUE '
.| Ni=2
ill: | NZ=3
N3=4
N4=5 . <
; GO TO 900 ‘.
{ 200 CONTINUE S
i Nia2#je2
N2=N1 +1
N3=2#y
. N4=N3+1
¢ 900 CONTINUE
C COMPYTE PROPERTY ,
SL-(CC(N.NJ)-CC(N.NZJ)/(CC(N.N3>-CC(N.Ni))
Y=CC(N, N2)+SL #(X=CC(N, N1) )
Lo 1000 CONTINUE

SR TR
OO0

0o o

GO T0 3000
2000 CONTINUE
L C BIVARIATE TABLES
,&i C  INDEPENDENT VARIABLES IN CC(N, J)
C  DEPENDENT VARIABLES IN BSVIN, JT, IL)
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o 450
351

382
353

i 373

| 560

N9==CL(N, 2)42.0 o

333?. NUE ORIGINAL Pﬁﬁk‘&g
0OR

IF (CC(N, N8)~P) 351,352, 353 OF POOR Q

COMTINUE

(F(N8.GE,N9IGD TO 378

NB=NB+

60 TO 480

CONT INUE

G0 T0 375

CONT INUE

N7=NG~1

G0 TO 560,

CONT INUE

N7=N8

- PFAC=0,0

GO YO 561
CONTINUE

€ FIND INCREMENT IN PRESSURE DIRECTION

561
5 550
| 751
. 152
o 753

775

|
! 760

761

PFAC=(P=CC(N, N7) ) /(CCIN, N8)=CE(N,N?) )
CONTINUE

L8=~CC(N,2)+4,0
Lg==CC(N,2)+2,0+CC(N, 1)
CONTINUE
IFLCCIN,LB)=X)751,752,753
CONT INUE

IF(LB.GE.LB)GO TO 775
LB=L8+1

GO TO 550

CONTINUE

GO TO 775

CONTINUE

L7=L8~1

GO TO 760

CONTINUE

L7=L8

TFAC=0.0

GO TO 761

CONTINUE

C FIND INCREMENT IN TEMPERATURE DIRECTION

TFAC= (X=CC(N,L7))/(CC(N,L8)=CC(N,L7))

CONTINUE

{R=NB~2

IL=N7=~2

JT=L7=N9

JB=18=-N9
F1=BSV(N,JT.IL)+PFAC*(BSV(N.JT.IR)-BSV(N.JT.IL))
FZ-BSV(N.JB,IL)+PFAC*(BSV(N,JB,lR)-BSV(N.JB.lL))

C FIND PROPERTY

Y=F {+TFAC*(F2-F 1)

3000 CONTINUE

RETURN
END
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5: SUBROUTINE LOAD(MP, 15, 1T1,172)

: ¢ SUBROUTINE T0 LOAD GEOMETRIC AND MATERIAL IDENTIFICAT(ON

C INTO COMMON GAP | |
‘ PARAMETER (NME1=20,NMB2%8, NME3=3, NMB4=G , NM3S=40)
COMMON/GAR/T1 , T2, X(6) ,M(3),ToL,BET, S16, XM, CAP1,,CAPZ, XK

, fOMNON&%%I(?I‘M TNVE2) , KB (NMBT , NME2, NVBA) , MATA (VB 1 , NvBi2, NVE3) ,

o ggMZMgNéARA/T(Nwm,Tomms).cmms).comms).lco(NM-:\a).mes.z:

v - .

T{sTO(IT1)40T

; T2a10(172) =0T

' C LOAD MATERIALS

DO 100 (w1,3

. M(1 )=MATS(MB, 1S, 1)

; 100 CONTINUE

C LOAD GEOMETRY

; : DO 200 J".s

- X(J)=XE(MP; 1S, J) |

£ 200 CONTINUE ?

P END

- ;

:\

i i

5 |

- |

. “

b :1

b !
|
|
Y

, |
; )

\

IR L TR TN T RS
)
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C DIVIDE SLAB OR

C
c

SUBROUT INE NODE

C THIS SUBROUTINE SETS UP THE NODAL NETWORK

ORIGINAL 1}08 15
OF POOR QUALITY

PARAMETER (NMB1=20, NMB2w6, NM3 33, NW“%NNBBNO, NMBE=10)

COMMON /NODES/NN, I TT, TINIT, TSINK,F1d,T

PMAX (NMBE )

s00MNDN/‘"MP/T’1 112, TH1,, TH2, TH3, TH, P, H, M oM2,M3,TOL, BET, $1G, XM,

CAP1,CAP2, XK

COMMON/ INIT/TSTART, TSTOR, T IMPT s OTIM, N8P, NEXT, METR G,
$ METRH;éMETRIX,NSTP,lPFLAG,’NNI(NWH;SINKT(NW!hXFlJ(NVBI);

§ MBP(NMET), [ IN, | INZ
COMMON/TAX/ TK(NMB2) ,XX (NMBS)

COMMON/T IME/NNDS, CONY, CRAD, STAB, | SBFG, NCDS
COMMON/ARA/T (NMBS ) » TO(NMBS) ,C(NMBS ), CD(NMBS) , 1 CD(NMBS ) s L (NMBS

2)
sCOMmN/LD/LS(Nhﬁi oNMB2) , XP(NVB1,NMB2, NMB4) ,MATS (NMB 1 ,NPB2.NP8§).

NSCNMB1 )
COMMON/P | CT/NNIS (NMY1 , NMB2)
COMMON/T | TLE/CHARZ , CHAR , FNAMI
COMMON/PRESS/PRES
CHARACTER*4  UNIT (2)
CHARACTER*6  UNIT2(2)
CHARACTER*13 CHART (NMB6)
CHARACTER*{0 CHARZ(NMB6 )

» FNAMS

QHARACTER#*20 CHAR(7), FNAM + FNAM3

DIMENSION XXX(NMBS)
DATA UNITI/¢ IN, ', 0 CM, 1/
DATA UNIT2/' DEG F!,' DEG K'/
DATA CHAR/

: tSLAB

'RADIATION GAP
'HONEY COMB
YCORRUGATED

'Z STANDOFF
'THIN SKIN

'ABLATOR SUBLIMER
1C=0

METRC=METR I K+1

DO 7000 J=1,NN
I1ST=LS(1,Jd)
IF(I1ST.EQ.1) GO TO 140

IFC(IST.EQ.7) GO TO 140
G0 TO 120

140 CONTINUE

NORR BN —

THKNS=XP(1,J,1)
MA=MATS(1,J,1)

ABLATOR INTO NX=1 LAYERS

DX=SQRT (DT | M*2,0#XK/ (RO*CP) )
NX=THKNS/DX+{
IF(NX+1 ,GE.NMB5)GO TO 999
NNIS(1, J) =N
TK(J)=THKNS/FLOAT (NX)
ASSIGN NODE NUMBERS AND INITIAL TE
EACH CONDUCTOR, NODE POSITIONS FOR
DO 130 K=1,Nx
1C= 1O+
ICD(IC)=y

MPERATURES, NODE NUMBERS FOR
SLAB AND ABLATOR
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130
120

u=(C

LCIC, 1)1y o LAt
L(IC 2)(L CUALITY

TOCIW=TINIT
TOCILI=TINIT
T(IU)=TO( 1)
TCIL)®TO(IL)
XXCIL)YsXX(1U)+TK(J)
CONT INUE

GO TO 7000

CONT !NUE

C ASSIGN NODE NUMBERS, INITIAL TEMPERATURES,NODE NUMBERS FOR EACH
C CONDUCTOR,NODE POSITIONS FOR ALL OTHER STRUCTURE TYPES

(C= {041
ICDCIC)uy
IUsiC
Lm0t
LG, )=y
L(1C,2)=IL
TOCIU)=TINIT
TOCIL)=TINIT
T(IU)=TO( 1Y)
TCIL)=TO(IL)
XXCIL)=XX(IU)+XP( 1, d,4)

7000 CONTINUE

NNDS= 1L

NCOS=1C

WRITE(9,769)

WRITE (5,768)MBP(1)
IF(METRIK,EQ.O)ATINITaTINIT=459,6
IF(METRIK,EQ.1)ATINIT=TINIT/1,8
IF(METRIK.EQ.0)ATS INK=TS INK=459,6
IF(METRIK.EQ41)ATS INK=TS INK/ 1.8
WRITE(Q.?ZI)AT'NIT.UN!TZ(METRC),ATSINK.UNITZ(METRC),?lJ
DO 137 KK=1,NCDS

NOD1=L (KK, 1)

IF(METR K, EQ. 0)XXX (NOD1 ) =XX (NOD1) #12,
IF(METRIK.EQ. 1)XXX(NOD1)=XX (NOD1) #12,#2,54
WRITE(9,770)NOD1 , XXX (NOD1) ,UNIT1 (METRC)
WRITE(9,771)KK

JST= | CO(KK)

KST=LS(1,JdST)

WRITE(9,772)KST, CHAR(KST)

C WRITE OUT DESCRIPTION OF NETWORK

429
773

00 429 LLe1,3

MASMATS (|, JST,LL)

IF(MA,EQ.0)GO TO 429

WRITE(9,773)LL, CHAR2(MA)

CONTINUE

FORMAT (1H ,20X, 'MATER | AL ,12," = 1,A10)
NOD2=L (KK, 2)

IF (METRIK4EQ.0)XXX (NOD2) #XX (NOD2) #12,
IF(METR 1K, EQ4 1 )XXX (NOD2) =XX (NOD2) #12, #2,54
WRITE(9,774)NOD2, X%X(NOD2) ,UNIT1 (METRC)
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137 CONT INUE

721 FORMAT(1H ,BX, 'TINIT = 1,F7,2,A6,4X, ' TSINK = 1,F7,2,A6,4X,
$ 1" m 1,F12,3)
768 FORMAT(1H , 26X, 'RODY FOINTY, (5)
769 FORMAT({H1,25X, ' STRUCTURE DEFINITION')
770 FORMAT(//,1H , 19X, 'NODE NUMBER = !, (5,7X,
$  'DISTANGE FROM SURFACE = !,E15.6,A4)
771 FORMAT(IN ,20X, 'CONDUCTOR NUMBER's 1, 15)
772 FORMAT(IN ,20X, 'STRUCTURE TYFE = ) 13,8X, A20)

[ ]
774 FORMAT(1H , 16X, 'NODE NUMBER = !, (8,7X,
$ IDISTANGE FROM SURFACE = 1,E15.,6,44)
RETURN
999 CONT I NUE
WRIE () IN2,998)
WRITE (9,998)

998 FORMAT(1X,'ERROR-=~THE NUMBER OF NODES EXCEEDS THE ARRAY !,
$ 'DIMENSIONING,*)
STOP
END
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SUBROUTINE PICTUR( | IN3,MP) OF 0“‘» WALy
C SUBROUTINE THATS PRINTS A PICTURE OF THE STRUCTURE AT A BODY FOINT
PARAMETER (N1 =20, NME2=6 , NMB2 =3, NM34wE , NHEE=10, NMET»100)
: scomm%té%kgwm JAME2) , XPCNMBT , NNB2, NMB4 ) , MATSNVB 1, NMBZ, N3 ) ,
COMMON/ N T/TSTART, TSTOR, TIMET, OT M, N8P, NEXT, METRI &
§ METRIK, METR IX, NSTE, |PFLAG, TINT (NMBT), STNKTCNME1 ), XF 1) (NMBY1) ,
, . § MIP(NMB1Y, | IN, | INZ
| COMMON/P | CT/NN| S (NMBY , NVB2)
- COMMON/T I TLE/CHARZM, GIART  ENAMI , FNAMS
o COMMON/T I TL 2/ CHARS
L CHARACTER®4  UNIT(2)
- CHARACTER®20 OHAR(7) , FNAMI , FNAM3
Eo OHARACTER#10 CHARZ(NVBT) , DHARS (NMBT ), OHARZM(NMEG)
P OHARACTERM3 CHART (NMEBS)'
DIMENSION ZXP(NMET , NMB2, NMB4)
INTEGER ANS1, ANS2.ANS4‘ANSS
DATA UNIT/! (N.!,! CM,
6 NAE OF A STRLGTIRE Tere
DATA CHAR/
'SLAB

'RADIAT ION GAP
'HONEY COMB
CORRUGATED
'Z STANDOFF
'THIN SKIN
{ABLATOR SUBL IMER 1/
C CONYERT UNITS OF MAT DIMENSIONS FOR P!CTURE
DO 300 INCi=1,NMB2
DO 300 INC2=1,NME4
IF(METRIK.EQ.0)Z¥2(MP, INC1, INC2)=XP (MP, INC1, INC2)#*12,
IF(METRIK.EQ.1)ZXP(MP, INC1, INC2)=XP (MP, INC1, INC2)#12,%2,54
300 CONTINUE
METRC=METR | K+1
IF(1IN3,EQ.9)GO TO 3
C |IF PICTURE DISPLAYED TO SCREEN(NODES NOT INCLUDED)
DO 2 IKJ=1,NMBY
CHARZ(!KJ)-G-IARB(IKJ)

~SNOWNOHWN ~-
- > - - - -
- e " ® W W

2 CONTINUE
GO TO 1t
3 CONTINUE

C IF PICTURE PRINTED TO OUTPUT FILE(NODES INCLUDED)
D0 4 IKJ=1,NMBE
CHAR2( |KJ)=CHAR2M( 1 KJ)

e 4  CONTINUE
L 1 CONTINUE
i C CREATE THE PICTURE
| I JK=1
I WRITE (I IN3,615)MBP (MP)

f C TOP LAYER BOUNDARY

i IFCHIN3LEQsB)WRITE () IN3,620)

L IFCHIN3LEQ.OIWRITECTIN3,720) 1JK

1 L JK= | JK+1

Vo C LOOP 1 = NUMBER OF LAYERS FOR THIS BODY POINT
1y - c J - LAYER NUMBER
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IIN3 = 8 DISFLAY TO SCREEN (NODES AVAILABLE)
|IN3 = @ PRINT TO OUTPUT FILE  (NODES NOT AVAILABLE)
DO 700 J=1,NS(MP)
81.A8 |
IFCLS(MP, J) EQs 1 AND, | INA . EQ.5IWRITE (1 IND
$ CHAR(LS(MP, 4)), ZXP(M, J, 1) ,UNI T(METAC)
LFCLS(MP &3 JEQu 1 AN | IN3,EQ,8)GO TO 100
C ABLATOR SUBLIMER

0D OO0

IFCLS(MP, ) oEQs 74 AND, | INB JEQ.B)WRITE( | lNl:’ég?I JCHARZ (MATS (MR, J, 1)),

$ CHAR(LS(MP, J)),ZXP(MP, J, 1) ,UNIT (ME
IF(LS(MP, J) JEQ.74AND. | IN3.£Q.9)60 TO 100
C RADIATION GAP
|F(L5(MP.J).EQ.2)WR'TE(||N3.622)ZXP(MP,J.1’.UN'T(METRC)'
$CHAR2(MATS(MP,J.1)).04AR(LS(MP¢J)’.ZXP(MP.J,‘),UNIT(METRC).
$ZXP(MP, J,2),UNIT(METRC), CHARZ (MATS (MP, J, 2) )
C HONEY COMB
lF(LS(MP.J)oEQ.S)WR'TE('|N3‘623)ZXP(MP5J;1).UN'T(METRC’,
SCHAR2 (MATS(MP. J, 1)) , CHAR2 (MATS (MP, J, 3) Y CHAR(LS(MR, J)),
$ CHARZ (MATS(MP, J,2))
C CORRUGATED

IF(LS(MP, J) JEQ.4WRITE (1 IN3,624) ZXP (MP, J, 1), UNIT(METRC),
SCHARZ (MATS(MP; J, 1)), CHARZ (MATS (MP, 4, 3) ), HARCLS(ME, J) ),
$ CHAR2 (MATS (M, J, 2} )

C 2z STANDOFF

| F(LS(MP, J) JEQ.BWRITE (I IN3,625) ZXP(MP, J, 1) , UNIT(METRG),
SCHARZ(MATS (MP, J, 1)), GHARZ(MATS (MP, J,3) ), CHARCLS(MP, 4))
$ZXP(MP, J,4) , UNI T(METRC) , ZXP (MP, J, 2 UNI T (METRE),
$ CHAR2 (MATS (MP, J, 2} )
C THIN SKIN
LF(LS(MP, J) JEQ.6)WRITE( | IN3,626)CHARZ(MATS (NP, J, 1),
$ CHAR(LS(MP, J)), ZXP(MP, J,4) , UNIT(METRC)
200 CONT INUE
C BOTTOM LAYER BOUNDARY
LECLINS EQ.5)HRITE (1 IN3,620)
IFCHINBLEQ.9)WRITE(I IN3.720) 1 UK
| JKe | JK+]
60 TO 700
100 CONTINUE
C SLAB / ABLATOR SUBLIMER (CONTINUED)
NX=NNIS (P, J) =1
IF(NX,LE.0)GO TO 11

NX02=NX/ 241
DO 10 K=1,NX
IF(KJEQ41 .AND.K. LT, NXO2)WRITE (I IN3,800) | JK
.  IF(K.GT 1 ANDJK.LT, NXO2)WRITE (1 IN3,801) | JK
i IF(K.EO.NXOZ)WRITE(IIN3,802)IJK,CHARZ(MATS(MP.J,l)).

8 $ CHAR(LS(MP, J)),ZXP(MP, J, 1) ,UNIT(METRC)
. IF(KoGT4NXOZ24 AND. Ko LT, NX)WRITE (| IN3,801) | JK
IF(KsGT4NX02,AND. K, EQ. NX)WRITE (| IN3,803) I JK

| K= JK+1
10 CONTINUE
11 CONTINUE
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IF (NXLEQ.0IWRITE (1 IN3, 621 )CHARZ (MATS(MP, J, 1)), OF POOR QUALITY
$ CHARCL B MR, 4)) , 2XP(MP, 4, 1), NI T(METRC)
G0 To 200

700 CONTINUE |

619 FORMAT(IH1,'THIS 1S THE CONFIGURATION FOR BODY FT.!,15,///)

620 FORMAT(1X,60( ta ), 3X,5( 1))

021 FORMAT(6EX,'11,/,

$ 31X, A10,3X, A20,F8.6,A4,/,
S 06X, 1)

622 FORMAT(18X,FB.6,d,1X,A10,25%,111,/,
‘ 1X.60('-')5X.‘|'./.
$ 66x,'11,/,
$ 44X, A20,68.,8,A4,/,
§ 68,11, /,
S 1X,60(0=108x,011,/,
$ 18X,FB.6,A4,1X,A10.25%,11)

623 FORMAT(18X,FB.8,Ad, 1%, A1D,25%,11",/,
$ 1X,60¢ = 438%0119,/,
$ v | b 3ex,t1,/,
$ 0 b 3/,
$ V0 0 11 nix,Af0,8%) A20,F8.6,A4,/,
$ v | L1 038,011,/
$ v 1 i R T IS
5 1X.60“-')5X,'|';/.
‘ 18X,F3.3.M.1X.A10;25X.‘l')

624 PORMAT(18X,F8.6,Ad,1X,A10,25%,111,/,
$ fx,6001=1)3%,011,/,
$ v v v Vo360,
$ YV VY VY vy 3kt
s ' V V V V V V V '.1X.A10 SX’AZO‘FBcG’A4p/.
$ ' vY Yy vy v sl
$ 1y v v VI, 36X, 110070
$ 1X,60(0-1)5K,111,/,
$ 18X,F8.6,A4,1X, A10,25%, 11 1)

625 FORMAT(16X,F8.6,Ad,1X, A10,25%, |1,/,
$ 1X,60(1=1)8X,1 11,7,
$ ' 222222 222222 1,36%,'11,/,
$ 2 Z 36,11,/
s ! Z Z "1X}A10 3X.A2°.FB-6.A4./.
$ 2 2 1,36x,0 01,/
$ 222222 222222V 35%, 0 11,7,
3 1&60(‘-')5)(.”'./.
$ 18X,F8.6,Ad,1x,AT0.25%,/11)

626 FORMAT(31X,A10,3%, A20,F8.6,M)
8 R B
BO1  FORMAT(4X, 12,0 01.37%.1,")
802 FORMAT(4X, 12,1, O')22X,A10,3X,A20,F8.8,Ad)
803 FORMAT(4X, 12,1, 01,37, 111

END
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SUBROUTINE PROF(TY,P,MAT, RHO; CP, XK, EP)
UNITS ARE BTU,FT, SEC, OR, LBM

TABLES ARE DENSITY SP.HT, C?NDUC’TIVITY,EM‘SS'V!TY
IN THAT ORDER AND REFEATED

T1 =TEMP, o
MAT=MATERIAL NUMBER
SMO=DENSITY

CP =SPECIFIC HEAT
XC =CONDUCTIVITY

EP ~EMISSIVITY

MDENS (MAT=1) %441
MSCPsMDEN+1

MCON=MSCP+1

MEP=MOON+ 1

CALL INTP(T{,P, MDEN, RHO)
CALL INTP(T1,P,MSCP,CP)
CALL INTP(T1,P, MOON, XK )

CALL INTP(T1,P,MEP, EP)
RETURN

END
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SUBROUT INE RGAP

SUBROUTINE COMPUTES EQUIVALENT THERMAL CONDUCTANCE THAOUGH
WMWN/GN’/THTZ,mi .THZ,WLTH.P;H.M’ 'MZ’MS‘TOL'BET.Q‘G'
, $ XM, CAP, CAP2 ) XK
COMMON/PRESS/PRES
THaTi
Tr2nT2
. 1A0=T1
TBOsT2
DO 100 I=1,100
C FIND PROPERTIES OF UPPER AND LOWER SURFACES
CALL PROP(TTI,PRES, M1 ,RHOT,CEY,XK1,EP1)
CALL PROP(TTZ.F’RES,MZ.N“O?.CPZ.XKZ.EPZ)
Fiat ,0/EP
52.1 +0/EP2 ‘
SFa1 .0/ (F14F2+1,0)
A YK1XK1/TH1
N YK2eXK2/TH2
: YK3n$ [GHSF #(TAOH24TBONAZ) # (TAD+THO)
C COMPUTE INTERIOR SURFACE TEMPERATURE OF UBPER AND LOWER SURFACE
TA=((T1AYKI+TRONYKS) / (YK1+YKD) JHBET+( 1 .O-BET)I T RO
5 To=( (TZ#YK2+4TAONYK3 ) /(YK24YK3) YMBET+(1,0=BET)*TBO
. TEST1=ABS( (TA-TAD)/TAO)
TEST2=ABS( (TB<TB0)/TBO)
C CHECK FOR CONVERGENCE
IFCTESTY LT TOL, AD.TESTZ.LT. TOL)GO TO 200
TT1=(T14TA) /2.0
TT2=(T2+4TH) /2.0
TAO=TA
- TBO=T8
~ 100 CONTINUE
" GO TO 300
200 CONTINUE :
C COMPUTE EQUIVALENT CONDUCTANCE
XKeYK] #YK2#YK3/ (YK #YK24+YK ] #YK3+YK2#YK3)
XMeRHO1 #TH1 +RHO2#TH2
CAP1=RHO1 *TH1 #CP1
. CAP2=RHO2#TH2#(P2
300 CONTINUE
RETURN
END

(o X o]
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QIIGINAL i 2
OF POOR QUALITY
SUBROUTINE SRIPF (NN)

C  SUBROUTINE TO FIND RADIATION INTERCHANGE FACTORS
C GIVEN EMISSIVITIES, GEOMETRIC v IEW FACTORS, AREAS UNING THE
C NETWORK METHOD

‘ COMMON/SF/AR(10),EPP(10).?(10,10),ASF(10.10}

DIMENSION EB(10),X4(10),XIN(10Y,RHO(10)
TOL=,001

BETA=,5
EMPOW=1000.0
N=NN

DO 100 (=1,N
RI=FLOAT (1)
EB(1)=EMPON#R |
RHO(| y=1,0~EPP(1 )
X (1)=EB(])

100 CONTINUE

C ITERATE ON RADIOSITY,XJ
DO 500 Me1,50
TESTM=1,0E-8
DO 200" J=i,N
SUMJF=0,C
F1=EPP(J)/(1,0-RHO(J)*E (J, §) ) REB(J)
F2=RHO(J)/(1,0~RHO(J) ¥ (4, J) )

DO 300 K={,N
IFCJLEQ.KIGO TO 300
SUMJF=SUMJF+XJ (K) #F (4, K)

300 CONTINUE 4
XINCI)=(1,0-BETAI#XJ (J)+BETAR (F 1+E24SUMJF)
TEST=ABS(XJ () =XIN(J) ) /XJ ()
IF(TEST, BT, TESTM)TESTMLTEST
XJ (JI=XIN(J)

200 CONTINUE
IF(TESTM, LT, TOL)GO TO 600

500 CONTINUE

600 CONTINUE

C COMPUTE NET EXCHANGE BY RADIOSITY DIFFERTCE
C COMPUTE AREA®SCRIPT "F" BY DIVISION BY BLACK BODY EMISSIVE POMER
DO 800 I=1,N

DO 900 J=1,N
ASF(1,J)=0,0
IF(1,EQ.J)GO TO 900

ASF(!.J)'AR(I)*F(I,J)“(XJ(I)-XJ(J))/(EB(I)-EB(J))
900 CONTINUE

80C CONTINUE
RETURN
END
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‘ SUBROUT INE STAND

C SUBROUTINE TO COMPUTE EQUIVALENT CONDUCTANCE, MASS, CAPAC! TANCE
C OF Z STANDOFF STRUCTURE _
COMMON/GAP/T1,72, TH1 , THZ , TH3, TH, B, H, M1 osM2,M3,TOL,BET, 8186,
‘ $§ XM, CAP1,CAP2, XK
COMMON/FACT/XX(10,2),YY(10,2)
COMMDN/SF/AR(!O).EPP(10).F(10.10).A8#(10,10)
: COMMON/PRESS/PHES
? . HZ'TH/Z.O
" PZ'Plzdo
g T3n(11472)/2,0
ﬁ VOL=THI +THZ4+(2,09+TH) #TH3 /P
; C SET COORGINATES OF INTERIOR TO COMPUTE VIEW FACTORS
;o XTs0,0
YT=0,0
00 200 J=1,2
'F‘ ' 08001 .AND. JOEOO' )YT‘TH
IFC1.EQu1sAND, JoEQ.2)XTuP
IF(1.6Q.2,AND, J,EQ.2)XT=P
IFC1EQu3 o AND: J.EQu1)XTP
‘F( | oEOOSoANDc JOEOOZ)YT‘TH
lF( ' 08064 OANDO J.EQ.?)YT"TH
XX(“J)'XT
YY1, J)myT
200 CONTINUE
100 CONTINUE
C COMPUTE INTERIDR VIEW FACTORS
CALL VFAC(4)
DO 1000 I=1,100
T30=T3
CALL PROP(11,PRES, M1 ,RHO1 ,CP1, XK1, EPP(1))
CALL PROP(T2,PRES,M2,RHOZ,CP2,XK2, EPP(2) )

CALL PROP(T3,PRES, M3, RHO3, CP3, XK3,EPP(3) )
EPP(4)wEPP(3)

IFC14NE.1)GO TO 1001
C GET RADIATION INTEROHANGE FACTORS
CALL SRIPF(4)
1001 CONTINUE
C COMPUTE CONDUCTION PATH VALUE
C1AsXK{#TH1 /P2
C1B=CONK*TH3/2,0
C1C=xXK3#TH3/(2,0442)
C1=C1A%CIBHCIC/(C1A%C1B+CIA%CICH+CIB*CIC)
¢ DIS=P2=(H+TH3) /2,0
, C3A=XK14TH1 /DI §
C3B=CONK¥(H+TH3/2.0)
C3Cm=XK34TH3/ (2,0%42)
C3mC3AMCIBACIC/ (CIANCIB+CIANCICHCIBAC3L)
C2C=C3C
C2B4C38

C2A=C1A%XK2/XK 1

C2=C2A%C2B¥C2C/ (C2A%C2B+C2A%C2C+C2B4C2C)
C4A=CIARXK2/XK 1

A-45

i |

ay

N - .y = A W WP APT— ——— am s -—— L - = =

|



.-(:a a

ORIGIMAL PACE [

UALITY

CAC=CiC
C4mC4ARCABHTAC/ (CAANCABHCAANCALHCARDAD).

C COMPUTE RADIATION PATH VALUES
RI®ASF(1,4) 85 1G¥(T{ #024TE#8Z) #(T14T3)
R2mASF(1,3)0S [B#{T1 #4246 T3#42) 0 (T14T3)
R3mASF (4,2)4S IGH(TINN24T2#02) % (T34T2)
R4mASF (3,2) %S (G (TINNZ+T2442) #{T34T2)
RS®ASF(1,2) RS 1G#(TI#82+T2442) #(T14T2)

C FIND NEW STANDOFF TEMPERATURE
TIN=(TI*#(R1+R2+C14C3)+T2# (C2+R3+04+R4) )/
$ (R1+RZ+R3+R4+C14+02+C3+C4 )
T3-(1.0-BET)*T3+BET*T3N
TEST=ABS(T3=T30)/T3
IF(TEST.LT.TOL)GO TO 2000
T30=T3

1000 CONTINUE

2000 CONTINUE

C FIND MASS, CAPACITORS, AND EQUIVALENT CONDUCTIVITY
XM=TH1*RHO%+TH2*RH02+RH03*(2.0*H+TH)*THB/P
CAP1=XM/2,0%CP1
CAP2=XM/2,0%CP2
T12-ABS(T1-T2)
T13=ABS(T1=T3) |
Q= (T12#R5+T1 3% (C2+C4+R3+R4) ) /P
XK=Q/T12
RETURN
END
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OF POOR' QuaLity

SUBROUTINE STRUGT (M, N)

C SUBROUTINE THAT MANDLES STRUGTURE FILE

C EITHER ADDING NEW STRUCTURES OR COPYING 0D STRUCTURE
PARAMETER (NVB1 =20, NVB2=6, N8 3, NMBAsE. B’ b
(COMBN/ (NI T/TSTART TSTOP, INPT, OF L, KB, NEKT METR I

METR Ik, METR IX, NSTP, IPFLAB, TINT (NMB1 ), $INKT (NMST 3, XF 14 (v 1),
$ MEPINVEI), | IN, | N2

COMMON/ T LTLE/CHAR2, CHARY , FNAMI , ENAMS

sﬁgm%l‘.l)msmm »NMB2) ,XP(NMBT, NMB2, NMB4 ) , MATS (NMB 1 »NMB2,NMB3) ,

CHARACTER#*10 CHAR2 (NMB6)
CHARACTER*13 CHAR? (NMB6)
CHARACTER®20 FNAM1 , ENAM3
CHARACTER®80 LABELT,LABEL2
IFLAG==9999 '
OPEN(UNIT=10, NAME=FNAMS, TYPE= 10L D! +RECORDS I2E=132)
IF(M.EQ.2)G0 TO 500

C LOOKUP OLD STRUCTURE FROM STRUCTURE FILE

10 WRITE(IIN2,20)MBP(N)

20 FORMAT(1H , 'WHAT IS THE STRUCTURE NUMBER FOR BODY PT, 1,15,! 21)

- READ(I IN, *,ERR"O;END"éS‘)ND

C LOCATE STRUCTURE BY STRUCTURE NUMBER

33  READ(10,40,END=5000)NA

40  FORMAT(IS)
IF(NALEQ.ND)YGO TO 150
lF'(NA.Eg.lFLAG)GO TO 9000
GO TO 3

C REACHED END OF FILE WITHOUT LOCATING STRUCTURE NUMBER
9000 WRITE(!IN2,9001)IND

9001 FORMAT(1H ,'UNABLE TO FIND STRUCTURE NUMBER !, I5)
REWIND (UNIT=10) '
GO TO 10
150 CONTINUE
BACKSPACE (UNIT=10)
C OBTAIN STRUCTURE DATA FOR DESIRED STRUCTURE NUMBER
READ(10,55)NA, NS(N) ,N3, N4
85 FORMAT (15,5%,3(15,5X))
READ(10,80)LABEL1, LABEL2
60  FORMAT(5X,AB0,/,5X, AB0)
WRITE (1 IN2,70)NA, LABEL1 »LABEL2
70 FORMAT(/, 10X, * STRUCTURE NUMBER = ',15,/,1X%,A80,/,1%,A80)
DO 200 1«1 ,NS(N)
READ”O.?'O‘END“000“..3(“;l);(MATS(N;';J’y\]".m,.
$ (XPIN, [,d),J%1,N4)
210 FORMAT(10X,15,315,6E18,7)
200 CONTINUE
GO TO 1000

C .
C ADD NEW STRUCTURE TO STRUCTURE FILE
500 CONTINUE

510 WRITE (1 IN2,520)MBP(N)

520 FORMAT(1H , 'WHAT 1S THE STRUCTURE NUMBER FOR BODY PT, 1, 15)
READ(! IN, %, ERR=510, END=1234) ND

C SEARCH THROUGH STRUCTURE FILE

551 DO 550 IKk=1,1000

A-47

o



et Eiaiae

T S A ol e & e ST T O i
S A od 8

ORIGINAL A 5

READ(10, 40, END#560) NS OF POOR QUALITY
C CHECK TO SEE IF STRUCTURE NUMBER ALREADY EXISTS
iF(NDoE?.NB)WRlTE(‘|N2;530)ND
530 FORMAT(1H ,'STRUCTURE NUMBER 1,15, ALREADY EXISTS.T)
IF(NDEQ. NB)REWIND (UNIT=10)
[F(ND.EQ.NBIBD TO 510
C CHEDK FOR END OF FILE
IF(NB,EQ. IFLAGYGD TO 560
550 CONTINUE
G0 TO 551
560 BACKSPACE (UNIT=10)
C ADD NEW STRUCTURE DATA
N4=NMB4
N3=NMB3
WRITE(10.570)ND.NS(N).N$.N4
870 FORMAT(I5,5X,3(15,5X))
WRITE(1IN2,580)MBP(N)

. 380 FORMAT(1H ,'GIVE A TWO LINE OESCRIPTION OF THE STRUCTURE',

$ 1 FOR BODY PT, ',15)
© READ(!IN,590) LASELY , LABEL2
590 FORMAT(A80,/,A80)
WRITE (10,600) LABEL1,LABEL2Z
600 FORMAT(5X, ABO,/,5X, ABO)
DO 700 I1=1,NS(N)
WRITE(10,610)LSIN, 1), (MATS(N, |,4), J=1,N3), (XP(N, I, ), J=1,N4)
610 FORMAT(10X, 15,315,6€15,7)
700 CONTINUE
WRITE(10,800) | FLAG
800 FORMAT(15)
1000 CONTINUE |
CLOSE (UNIT=10,STATUS= 'KEEP!)
RETURN
1234 CONTINUE
STOP
END
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| OF POOR QUALITY ‘
SUBROUT INE SUBPR(X,N,Y)
C SUBROUTINE TO- RETURN TEMPERATURE OF SUBLIMATION AND HEAT OF
C SUBLIMATION,Y,GIVEN PRESSURE,X.

N = RETURN TEMPERATURE
N = 2 RETURN PRESSURE |
X = PRESSURE | -

PARAMETER (NM3O=41)

COMMON/CSUB/ECS (2, NMB9)

JaCES(N, 1) i

J1uge2 !

XL STRCOS (N, 2) o

XHSTACCS (N, J1)

IF (X, EQ.XLST)BO TO 700 - ]

IF (X,LT.XLSTIGO TO 100 ';
|

OO0

l;(x.GT.XHST)GO TO 200
JT=4
500 CONTINUE ' S
€ SEARCH INDEPENDENT VARIABLE o
I1E(CCS(N, JT)«X)300,600,400
- 300 CONTINUE ‘
= C GO BACK AND CHECK ANOTHER ‘
JTeJT42 |
G0 TO 500 !
= 400 CONTINUE i
- C X LIES BETWEEN CCS(N,N1) AND CCS(N,N3) 1
NisJTe2 j
N2=N1 +1 o
NS=Jt |
N4=N3+1 P
60 TO 900 . S
600 CONTINUE 4
C X EQUAL TO A INDEPENDENT VARIABLE '.
NT=JT+{ : \
Y=CCS (N, NT) ‘ ;
G0 TO 1000
700 CONTINUE
C X EQUAL TO LOWEST INDEPENDENT VARIABLE
Y=CES (N, 3) _ .
G0 TO 1000 . : ;
100 CONTINUE ,
c X L;:?SzTHAN LOWEST INDEPENDENT VARIABLE, EXTRAPOLATE '
= i
NZs3 3
, N3=d
¢ Ng=S E
i G0 TO 900 !
200 CONTINUE !
Ty c X sﬁ%kgiﬁ ;HAN HIGHEST INDEPENDENT VARIABLE, EXTRAPOLATE ,
| = J- ‘
3 N2sN{ +1 ‘ ;
N3=2#) )
! N4=N3+1 !
| 900 CONTINUE ;
4 '
)
}
|
§

A-49




C FIND SLOPE AND INTERPOLATE
SL®{CCS (N, N4)=CCS (N, N2) 3/{CCS (N, N3 ) =CBS (N, N1 ))
Y~CCS (N, N2) 4SL#(X=CCS (N, N1 ) )

1000 CONTINUE
RETURN. \
END .
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OF POOR QUALITY

SUBROUT INE TH INS
C SUBROUTINE TO SET CAPICITANGE,MASS, AND CONDUCTOR OF INFINITELY
C CONDUCTING OR THERMALLY THIN. PLATE

COMVON/GAP/T! ‘72.“‘" s THZ , TH3 , TN, P, Hy M1 M2, M3, TOL, BET, 516, XM,

CAPY,CAPZ, X

COMMONPRELSPRES.

Te(T1472)/2.0

CALL PROP(T,PRES, M1 ,RO, CP, XK, EF)

CAP{sROACPATH/ 2.0

CAP24CAPY

XMsRO#TH

XKn1 ,0E10

RETURN

END
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'omemm. PAGE (3

OF POOR QUALITY

SUBROUTINE TMETER (DTSM, |)

C  SUBROUTINE TO COMPUTE STABLE TIME STER
PARAVETER (NVB1=20,NHE2wE, NMBE w3, NV =6, NMBE=40)
COMMON/ T IME/NNDS, CONV , CRAD, 5148, | 8B, NEDS
COMMON/ARA/T (NMES ), TO (MBS §, C(NFEBS ), CHINMES ) , 1D (NMEIS) LINMBS, 2)

,““m”ﬁé%bé,‘?*‘ sNMB2) | XP (NME 1, NMB2, KB ), MATS (M, N{Ei2, NS |

DTSM=1 ,0E30 |

C OGENERAL HEAT BALANCE NODE
DO 379 Ja1,NNDS

IF(J.NES1)G0 TO 380

C SURFACE NODE
C1=CONY+CRAD
C2=CD(1)
GO TO 381

380 ' CONTINUE
IF(JLNE,NNDS)GO TO 370

C LAST NODE
C1=CH(NCDS)
C2=0,0
GO TO 38

370 CONTINUE

C GENERAL NODE
JIM =y
C1=CD(JM1 )
C2=CD(J)

381 CONTINUE

C IF ADJACENT CONDUCTORS ARE THIN SKIN, SKIP
IF(C1.GT.1,0E9) GO TO 379
IF(C2,6T.1.0E9) GO T0 376
STEST=C(J)/((C14C2) *STAS)

IF(STEST,LT.OTSM)DTSM=STEST
379 CONTINUE

C THIN SKIN ALGORITHM
IF(1SBFG.EQ.0)G0 TO 382
DO 387 KAP=1,NCDS
JJd=1CD(KAP)
IN=LS(1,44)
IF(IN,NE.6)GO TO 387
N1=L(KAP,1)
N2=L (KAP,2)
KP1sKAP+1
KM1 =K AP=1
IF(KAP,EQ.1)G0 TO 388
IF(KAP,EQ.NCDS)GO TO 389
C GENERAL THIN SKIN NODE

STEST*(C(N!)+C(N2))/((CD(KM1)+CD(KP1))“STAB)
GO TO 3%0

388 CONTINUE
SURFACE NODE

STEST*(C(N1)+C(N2))/((CONV*CRAD+CD(KP1))’STAB)
GO T0 390

389 CONTINUE
ADIABATIC BACK $I1DE
STEST=(CIN1)+C(N2) )/ (CD(KM1 ) #STAS)
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380 CONTINUE
IF(STEST, LT, DTSM)DTSM=STEST ;
387  CONTINUE y
) 382 CONTINUE :
/ RETURN
END
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ORIGHNAL PAGE 13
SUBROUT INE VFACCNN) . OF POOR QUALITY

THEQRY OF CROSSED STRINGS (PLANAR 2-D)

COMMON/FACT/XX(10,25,YY(10,2) ,
ﬁO%ﬂDN/SF/AR('O) ﬁPP(’G) F(10,10) ASF(10,10) ,
&
DO 100 I=1,N ‘
SUMF=0,0
i FIND AREA OF SURFACE |
N CALL DIST(1,1,1,2,AR(1))
- b0 200 J=1, N
C FIND LENGTHS OP CROSSED AND UNCROSSED STRINGS
CALL DIST(!,1,Jd,1,011)
CALL DlST(' 1,4,2,012)
CALL DlST(l.Z.J 1 DZ1>
CALL DIST(!,2,J,2, 022)
FIND WH'CH'ARE CROSSED
S1=D114D22
$2=D12+D21
Al=$1
A2=S2
IF($1.67,52)G0 TO 201
Al=S2
A2=S{
201 CONTINUE
F(i,d)=0,0
IF(1.EQ.J)BO TO 200
F(l, J)‘(A1-A2)/(2.0*AR(|)) ]
C SuM CF VIEW FACTORS SHOULD EQUAL ONE FOR ENCLOSURE v
SUMF=SUMF+F(1,J) ‘ )
200 CONTINUE
100 CONT INUE
RETURN
T END
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